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Abstract The present study describes the floristic com-

position and dominance pattern of sal forests in Ranchi,

Jharkhand, eastern India. Vegetation was studied in 47 belt

transects (50 9 100 m) that had 137 plant species (110

identified and 27 unidentified) belonging to 51 families.

The family Fabaceae with 17 species (8 spp. belonging to

subfamily Faboideae, 6 spp. to Caesalpinioideae and 3 spp.

to Mimosoidieae) contributed the most to diversity, fol-

lowed by Rubiaceae (8 spp.) and Euphorbiaceae (6 spp.).

Tree density in sal was inversely related to species rich-

ness. Total tree density (C 10 cm GBH) in the studied

forests was 397 individuals ha-1, with a basal cover of

262.50 m2 ha-1. Important plants of conservation concern

are Pterocarpus marsupium Roxb, Andrographis panicu-

lata (Burm.f.) Wall, Sterculiaurens Roxb., Tinospora

cordifolia (Willd.) Miers, and Asparagus densiflorus

(Kunth) Jessop. Phanerophytes had the highest percentage

(71%, with percentage deviation from normal life form of

? 25) followed by therophyte (15%, with percentage

deviation ? 2). Observed percentage deviation from nor-

mal life form was much lower (with ? 2 percentage

deviation) in both chamaephytes (8%) and therophytes

(15%), suggesting that the studied sal forests are favorable

for supporting various plants species. The forest manage-

ment strategies should focus on the increasing demands for

different timber and non-timber forest products to conserve

the plant diversity of these natural forests.

Keywords Sal forests � Species richness � Life form �
Jharkhand

Introduction

Sal (Shorea robusta C.F. Gaertn.) is a tropical tree species

native to South Asia from Myanmar in the east to Ban-

gladesh, Nepal and India in the west and covers more than

12 million hectares of forest area (Tiwari 1995). Although,

the general distribution of sal is governed by climate, its

local distribution is regulated largely by geological con-

ditions and soil (Troup1921). On the basis of edaphic

conditions and microclimate, the phenology of sal forests

ranges from deciduous to evergreen and extends from

tropical to subtropical. Sal has been described as deciduous

(Cooke 1958; Kirtikar and Basu 1975; Tiwari 1995), semi-

deciduous (Bor 1953), evergreen (Krishnaswamy and

Mathauda 1954; Singh and Singh 1992; Borchert 2000) or

deciduous or borderline between evergreen and deciduous

(Joshi 1980). In addition to timber and fuel wood, sal

produces fodder (Panday 1982; Gautam 1990; Pandey and

Yadama 1990; Mathema 1991; Upadhyay 1992; Thacker

and Gautam 1994; Fox 1995; Shakya and Bhattarai 1995;

Edwards 1996; Gautam and Devkota 1999), leaves for

plates (Rajan 1995; Gautam and Devkota 1999), seed for

oil (Venkat and Sharma 1978; Sharma 1981), feed (Rai and

Shukla 1977; Sinha and Nath1982), resin or latex from

heartwood (FRIB 1947) and tannin and gum from bark
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(Narayanamurti and Das 1951; Karnik and Sharma 1968).

Sal forests cover nearly 13.3% of the forested landscape

(Satya and Nayaka 2005) including Uttar Pradesh, Uttar-

akhand and Shivalik Hills in Haryana, and the range also

extends through the Eastern Ghats and to the eastern

Vindhyan and Satpura ranges of central India.

Jharkhand is very rich in floristic diversity because of its

past geological history. It is believed that in the geological

past, this plateau formed a link between the Satpura Hill

Ranges and the Eastern Himalaya that allowed species

exchanges between these ranges (Hora 1949). The area is

covered with a variety of different habitats, of which the sal

forest is predominant. Champion and Seth (1968) classified

the sal forests of Jharkhand mainly into two types: (1)

Moist Peninsular Low Level Sal (3C/C2e) and (ii2 Dry

Peninsular Sal Forest (5B/C1c). Sal is associated with

various other species, and the companion species differ to

some extent in different localities according to the local

climate. The chief companions are Buchanania

cochinchinensis (Lour.), Anogeis suslatifolia DC. Wallich

ex Guill. and Perr, Diospyrus melanoxylon Roxb., Termi-

nalia tomentosa Roxb. (exDC) Wight and Arn., Butea

monosperma (Lam.) Taub., Adina cordifolia (Roxb.)

Brandis, Lagerstroemia parviflora Roxb., Pterocarpus

marsupium Roxb., Madhuca longifolia L.

Phytosociological studies help in understanding the

structure and the composition of plant communities

(Braun-Blanquet et al. 1965). The species diversity,

floristic composition and vegetation structure are important

to judge the state of natural forests in any region and to

formulate conservation and management strategies. Trop-

ical and subtropical forests harbor the greatest diversity of

plants (more than half of the world’s species) but cover

only 7% of the Earth’s land surface (May and Stumpf

2000). Of 86% of tropical forests in India, 37% as moist

deciduous forests (Kaul and Sharma 1971; Singh and

Kushwaha 2005). Structurally and floristically, the tropical

moist deciduous forests are more complex than dry

deciduous forests. Tropical moist deciduous forests are

distributed in the states of Jharkhand, Chhattisgarh, west

Odisha and on the eastern slopes of Western Ghats, India.

Because very limited work has been done in the forests of

Ranchi, Jharkhand in terms of phytosociological analysis

(Kumar and Abbas 2012; Lal and Singh 2012; Kumar et al.

2013; Rahul and Jain 2014; Divakara 2015). The present

study evaluated the floristic diversity and dominance pat-

tern of the sal forests in Ranchi, Jharkhand, eastern India to

provide an overview of its present floristic composition to

formulate appropriate management strategies for conserv-

ing the most economically and ecologically important

species in the sal forests.

Materials and methods

Study area

The present study was conducted in nine (Khelari, Burmu,

Chano, Mandar, Ratu, Kanke, Ormanjhi, Angara and

Namkum) of 18 blocks in the Ranchi district in the

southern Chotanagpur administrative division (23.35�N,
85.33�E, 400–700 m above sea level; Fig. 1). There are

two forests divisions in Ranchi district, the Ranchi forest

division and Bundu forest division, which are further

subdivided into 12 forest ranges. According to The Köppen

Climate Classification, the climate in Ranchi is Cwa (Hu-

mid Subtropical), and mean annual rainfall is about

1430 mm. The topography is hilly with stony and gravelly,

red and yellow, lateritic and alluvial soils and tropical

moist deciduous and dry deciduous forests.

Sampling design and vegetation sampling

A total of 47 transects have been sampled in 43 grids (out

of 88 grids of sal forests) of nine blocks of Ranchi district

of Jharkhand during September 2016 to April 2017. In

general, one transect is laid in each grid but in four grids

two transects have been laid due to wrong identification of

location at field. Details of sampled transects are men-

tioned in Table 1. For grid generation, all topographical

sheets (scale 1:50,000) of Ranchi were collected from the

Survey of India, and each sheet was further divided into 16

grids using the fishnet method in GIS software. Further, the

grids were overlaid on the base map, and the number of

grids with sal forests were identified. The entire district was

thus covered by 153 grids, with sal forests in 88 grids.

Details on the grid generation are shown in Fig. 2. Vege-

tation was sampled by the stratified random sampling

approach using belt transect method. All strata, i.e., trees,

shrubs and herbs, were sampled. The size of the sampling

units for trees, shrubs and herbs is one 100 9 50 m tran-

sect for trees (C 10 cm GBH), one 5 9 5 m quadrat for

shrubs and two 1 9 1 m quadrants for herbs at each sample

site. The detail design of sampling transects showing the

quadrat for shrubs and herbs are presented in Fig. 3. The

girth at breast height (1.37 m above ground; GBH) using

measuring tape and visual height of all the individual trees

(C 10 cm GBH) was measured in each transect. Trees with

GBH\ 10 cm (saplings) were sampled as shrubs, and

trees and shrubs with height B 30 cm (seedlings) were

sampled as herbs. Herbarium specimens of each of the

plant species were prepared during the study, and speci-

mens were photographed in the field. Plant species were

identified on the basis of vernacular names, published field

inventories, floras, consulting herbaria of the region as well
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as Botanical Survey of India. All tree species were grouped

by diameter classes into seedlings (B 30 cm height), sap-

lings (\ 10 cm GBH and[ 30 cm height) and trees

(C 10 cm GBH) for analyses of population structure. The

data were used to compute density (individuals ha-1) of

seedlings, saplings and trees and basal area (cm2 ha-1) of

trees in each transect.

Data analyses

Quantitative analysis of vegetation was done using the

method of Misra (1968). Importance value index (IVI) was

computed as the sum of relative density, relative frequency

and relative basal area (i.e., relative dominance). Species

richness was defined as the total number of species in the

sampling sites. Margalef’s index was used as a simple

measure of species richness (Margalef 1958) using the

formula Margalef’s index of richness (D mg) = (S - 1)/ln

N, where N = total number of species and N = total num-

ber of Individuals.

The Shannon–Wiener diversity index (Shannon and

Wiener 1963) was calculated from the abundance values

using the formula given by Magurran (1988): H0 = - R (pi
ln pi), where pi is the proportion of the IVI of ith species

and the IVI of all the species.

The concentration of dominance CD was assessed using

Simpson’s index (Simpson 1949):

CD ¼
Xs

i¼1

p2i ;

where pi is the same as used in the Shannon–Wiener

information function.

For calculating the evenness of species E, Pielou’s

evenness index (e) was used (Pielou 1996): E = H0/Hmax
0,

where H0 is the Shannon–Wiener diversity index and

Hmax
0 = ln S (where, S = total number of species). The

species evenness measures the equality of species in a

given sample and has a value between 0 and 1, where

values closer to 0 indicate the abundance of the few species

and 1 indicates that all species are equally abundant

(Whittaker 1975). Species distribution pattern of the plant

species was calculated as the ratio of abundance to fre-

quency (A/F) as suggested by Whitford (1949) as a mea-

sure of contiguousness. The ratio indicates regular

Fig. 1 Map of study site (Ranchi district, Jharkhand, India) showing the locations of studied transects
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Table 1 Detail information on studied transects in the sal forests in Ranchi, Jharkhand, eastern India

Transect no. Topographic sheet no. Grid no. Forest range Transect size (ha) Species richness Sal density (individuals ha-1)

JH001 73E/7 15 Mahilong 0.5 9 92

JH002 73E/7 15 Mahilong 0.5 10 196

JH003 73E/11 11 Mahilong 0.5 11 262

JH004 73E/11 7 Mahilong 0.5 6 310

JH005 73E/11 3 Mahilong 0.5 6 162

JH006 73E/11 4 Mahilong 0.5 14 222

JH007 73E/7 16 Mahilong 0.5 14 242

JH008 73E/11 15 Mahilong 0.5 12 142

JH009 73E/7 14 Mahilong 0.5 3 262

JH010 73E/11 8 Mahilong 0.5 14 240

JH011 73E/11 5 Mahilong 0.5 4 476

JH012 73E/11 2 Mahilong 0.5 11 444

JH013 73E/7 11 Mahilong 0.5 3 672

JH014 73E/11 10 Mahilong 0.5 14 228

JH015 73E/11 6 Mahilong 0.5 3 98

JH016 73E/11 1 Mahilong 0.5 14 814

JH017 73E/6 4 Kanke 0.5 9 438

JH018 73E/2 16 Kanke 0.5 8 248

JH019 73E/6 4 Kanke 0.5 14 144

JH020 73E/2 15 Kanke 0.5 11 162

JH021 73E/6 3 Kanke 0.5 22 192

JH022 73E/6 12 Kanke 0.5 5 254

JH023 73E/6 8 Kanke 0.5 14 140

JH024 73E/10 8 Mahilong 0.5 4 436

JH025 73E/10 4 Mahilong 0.5 3 242

JH026 73E/2 12 Burmu 0.5 10 280

JH027 73E/2 8 Burmu 0.5 16 224

JH028 73E/2 14 Burmu 0.5 10 198

JH029 73E/2 10 Burmu 0.5 23 114

JH030 73E/2 6 Burmu 0.5 25 118

JH031 73E/2 4 Burmu 0.5 13 210

JH032 73E/2 3 Burmu 0.5 10 308

JH033 73E/2 7 Burmu 0.5 7 144

JH034 73E/3 10 Burmu 0.5 10 800

JH035 73E/3 9 Burmu 0.5 1 688

JH036 73E/3 6 Burmu 0.5 3 894

JH037 73E/3 2 Burmu 0.5 6 570

JH038 73A/14 15 Burmu 0.5 15 384

JH039 73A/14 16 Burmu 0.5 16 324

JH040 73A/15 13 Burmu 0.5 6 352

JH041 73A/14 10 Burmu 0.5 16 374

JH042 73E/2 2 Burmu 0.5 11 182

JH043 73E/3 10 Burmu 0.5 6 342

JH044 73E/7 13 Ormanjhi 0.5 7 296

JH045 73E/7 10 Ormanjhi 0.5 9 204

JH046 73A/14 14 Burmu 0.5 22 374

JH047 73A/14 15 Burmu 0.5 23 204
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(\ 0.025), random (0.025–0.05) and contiguous ([ 0.05)

distributions (Curtis and Cottam1956).

On the basis of the number of individuals, species were

grouped into very rare (1 individual), rare (2–10), common

(11–25), dominant (26–50) and predominant ([ 50) (Ka-

davul and Parthasarathy 1999). All plant species were

grouped into one of five frequency classes based on the

frequency distribution of the species according to Raunk-

ier’s law of frequency (Raunkiaer 1934): A = 1–20%,

B = 21–40%, C = 41–60%, D = 61–80% and

E = 81–100%.

The life form of each species was classified according to

Raunkiaer (1934) assignments as therophytes (Th),

phanerophytes (Ph), chamaephytes (Ch), hemicryptophytes

(H) and cryptophytes (C) as modified by Braun-Blanquet

et al. (1965) has been followed. The percentage of each life

form was calculated using the following formula:

%Life form ¼ ðNumber of species in particular life form/

Total number of species in all life formsÞ � 100

Fig. 2 Details of grid generation. a Grid map of Ranchi. b Map of Ranchi showing the sal forests in yellow patches. c Map with already studied

grids in green and new grids to be studied in pink. d Map Ranchi showing the sal forests in yellow patches and transects in red
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Results and discussion

Floristic composition

Within the 47 studied transects, 12,812 individual vascular

plants were recorded: 9328 trees ([ 10 cm GBH) (73% of

total), 1298 shrubs (including saplings of trees) (10% of

total) and 2186 herbs (including shrub and tree seedlings)

(17% of total). Among these plants, 137 plant species (110

identified and 27 unidentified) and the 110 identified spe-

cies are belonging to 51 families, of which 20 species

(18.18%) are invasive and 90 (81.82%) species are native

to India. The richness of species is principally due to trees

(5%) followed by herbs (25%) and shrubs (18%). In gen-

eral, tropical forests have higher species richness as indi-

cated by the presence of a relatively high number of species

from various families. The reported species richness of the

sal forest of Ranchi (137 spp.) is comparable with that of

sal forests in other parts of India including the Gorakhpur

division, Uttar Pradesh (Pandey and Shukla 2003), Eastern

Himalayas (Shankar 2001), Central Himalayas (Pande

1999) and Corbett National Park, Uttarakhand (Singh et al.

1995; Singh and Singh 1987). The higher species diversity

in tropical regions is mainly due to the diverse habitat and

topography, productivity, prevailing climatic conditions,

seasonality and dynamics such as immigration. In terms of

species contribution, Fabaceae is the most dominant family

with 17 species (8 spp. of Faboidae, 6 spp. of Caesalpin-

ioidae, 3 spp. of Mimosoidae) followed by Rubiaceae with

eight species and Euphorbiaceae with 6. Distribution of

families according to number of species is presented in

Fig. 4.

In forest ecosystems, the magnitude of changes is

studied through phytosociological aspects, mainly by

density and total basal cover, which are the principal bases

of study for any vegetation type (Mishra et al. 2003). The

total tree density of the studied transect was 397 individ-

uals ha-1, and basal area of all the trees was

262.50 m2 ha-1. The observed tree density (397 individu-

als ha-1) is lower as compared to Piranmalai Forest,

Eastern Ghats, Tamil Nadu, India (Siva et al. 2008) but

within the range of tree densities reported in the tropics

(276–905 stems ha-1; Murali et al. 1996; Sundarapandian

and Swamy1997; Utkarsh et al. 1998; Reddy et al. 2007).

Sal is one of the dominant trees in the forests of South Asia

(Troup 1921). Shorea robusta was present at the highest

density and basal cover (78.84% and 78.52% of the

respective totals), followed by D. melanoxylon, B.

cochinchinensis, M. longifolia, L. parviflora, Mangifera

indica L., B. monosperma (Table 2). The most obvious

variation in term of species composition and the proportion

of dominant species in different forest stands was directly

determined by altitude and rainfall distribution. The

canopies of sal-dominated forests look similar across

regions, but vary in floristic structure, patterns of species

diversity, coverage of basal area, canopy height and species

regeneration. Sal density in all 47 documented forests

varied from 92 to 894 individuals ha-1 (mean 313 indi-

viduals ha-1 ± 28.30 SE), whereas species richness ranged

from 1 to 25 (mean 11 ± 0.86 SE). In the present study, the

density of sal was inversely related to total plant species

richness. Forests with higher density of sal had low species

richness and forests with low density sal had higher species

richness (Fig. 5). Dominance of sal depends on the age,

available resources, associated species, disturbance regime

and successional changes as well as water accumulation

and human interference for the timber and other uses. In

the present study, interference caused by grazing, timber,

Fig. 3 Sampling design of studied transects in the sal forests in

Ranchi, Jharkhand, eastern India
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fodder collection, fuel gathering (wood and leaves) and

fresh leaves for use as plates, commercial extraction of

leaves of D. melanoxylon used in the bidi industry are quite

common in almost all the studied forests (Fig. 6). Floristic

inventories in sal forests in different parts of India vary in

terms of plot size, sampled area and measurement threshold

of minimum stem diameter, thus limiting comparisons of

species richness (Table 3). Analysis of IVI values showed

that S. robusta was the dominant species (167.29), well

within the limits of earlier studies (Rawat and Bhainsora

1999), followed by D. melanoxylon (13.04) and B.

cochinchinensis (11.04). Tree species with higher IVI

values indicate good regenerative capability, better adapt-

ability and wide ecological amplitude.

Diversity indices provide important information about

rarity and commonness of species in a community and is an

important tool to understand community structure. The

Shannon–Wiener diversity index (H0) for Indian forests has

been reported to range from 0.83 to 4.10 (Jha and Singh

1990; Ayyappan and Parthasarathy 1999; Pandey 2000). In

the present study, the value of the Shannon diversity index

(H0) in the present study (2.25 for trees, 2.72 for shrubs and

2.98 for herbs) lies within the range reported for tropical

forests but was much lower than the recorded value (3.59)

for the Eastern Himalayan sal forest (Uma Shankar 2001)

Table 2 List of the most dominant trees in the present study in Ranchi, Jharkhand in eastern India and their density, frequency, dominance and

IVI

S.

no.

Species Family Frequency Density (individuals

ha-1)

Dominance (m2

ha-1)

IVI

1 Shorea robusta C. F. Gaertn. Dipterocarpaceae 100 313 206.10 167.29

2 Diospyrus melanoxylon Roxb. Ebenaceae 72 16.2 4.66 13.04

3 Buchanania cochinchinensis (Lour.)

Almeida

Anacardiaceae 62 11.1 5.58 11.04

4 Madhuca longifolia L. Sapotaceae 47 9.1 8.18 10.05

5 Lagerstroemia parviflora Roxb. Lythraceae 51 6.2 4.91 8.50

6 Mangifera indica L. Anacardiaceae 40 4.4 7.14 7.85

7 Butea monosperma (Lam.) Taub. Fabaceae 51 6.2 2.99 7.77

8 Semecarpus anacardium L.f. Anacardiaceae 36 3.7 2.13 5.33

9 Syzygium cumini (L.) Skeels Myrtaceae 38 2.3 1.04 4.77

10 Cassia fistula L. Fabaceae 36 1.4 1.01 4.19

Fig. 5 Map showing the species richness and density of sal in different studied forests in Ranchi, Jharkhand, eastern India
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and (3.10) West Bengal moist sal forest of India (Kush-

waha and Nandy 2012). Details of other community

parameters including concentration of dominance,

evenness index, and Margalef’s index of richness are pre-

sented in Table 4. The distribution pattern of species in a

forest ecosystem is one of the important aspects of

Fig. 6 Interferences observed in the field in the present study of the sal forests in Ranchi, Jharkhand, eastern India. a Timber extraction by local.

b Timber felling. c Fuel wood collection. d Invasive weed (Lantana camara) and soil removal. e Grazing by cattle. f Soil removal

Table 3 Comparison of vegetation characteristics of the studied sal forests in Ranchi, Jharkhand in eastern India with other forests in India

Forest type and location Plo t size

(ha)

Size class

(GBH, cm)

Species

richness

Stand density

(individuals ha-1)

Basal area

(m2 ha-1)

Source

Tropical moist deciduous forests of

Ranchi district, Jharkhand

23.5 C 10 137 397 262.50 Present study

S. robusta–Schima wallichii, South

District, Tripura

4 C 10 152 872 38.6 Majumdar et al.

(2014)

Moist sal forest (Eastern Himalayan terai

sal) West Bengal

3.2 C 30 134 438 56.5 Kushwaha and

Nandy (2012)

Sal forest of Gorakhpur division 24 C 30 93 404 2223 Pandey and Shukla

(2003)

Sal forest of Gorakhpur division 24 \ 30 115 20,413 0.83 Pandey and Shukla

(2003)

Sal forest of Eastern Himalayas 2 C 10 87 484 263 Shankar (2001)

Sal forest of Central Himalayas Doon

Valley

0.02 C 10 13–21 1150–1920 22.3–37.8 Pande (1999)

Corbett National Park 2.9 C 31.5 3–20 180–860 14.5–71.8 Singh et al. (1995)

Sal forest in Central India dry tropical,

Vindhya region

– C 30 – 294–559 7–23 Jha and Singh

(1990)
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ecological studies. A contiguous distribution is character-

istic of natural forests (Odum 1971). In the present study,

all the plant species were distributed contiguously on the

basis of A/F ratio. Contagious (i.e., clumped) distribution

reflects the magnitude of interference (e.g., grazing and

lopping) in natural forest stands. The general preponder-

ance of contagiously distributed vegetation has been

reported by various workers (Rao et al. 1990; Greig-Smith

1983; Singh and Yadava 1974; Kershaw 1973). Contagious

distribution is based upon local habitats differences, daily

and seasonal weather conditions, and reproductive pro-

cesses of the species of that area. The dominance of con-

tagious distribution may also be due to the fact that the

majority of herb species reproduce vegetatively in addition

to sexually. Based on the number of individuals present,

the percentage of plants species in different rarity classes

varied greatly, with very rare species accounting for

21.90%, rare species 32.12%, common species 16.06%,

dominant species 10.22% and predominant species 19.71%

(Fig. 7). Some example of very rare species were Sterculi

aurens, Bauhinia variegata, Senna siamea, Ficus glomer-

ata, Neonauclea purpurea (Roxb.) Merr.

Raunkiaer’s frequency analyses revealed that 77.63% of

the plant species were rare, 14.47% were seldom present

and 3.95% often present (Fig. 8). S. robusta was the most

frequent species (100%), followed by D. melanoxylon

(72.34%); Anacardium occidentale L., Elaeodendron

glaucum (Rottb.) Per, Boswellia serrata, S. siamea (Lam.)

H.S. Irwin and Barneby, Lagerstroemia speciosa, Carissa

spinarum L., Grewia laevigata, Cassine glauca (Rottb.), B.

variegata L., Tectona grandis L., and F. glomerata Roxb.

were the least frequent. Most species (77.63%) in the sal

forests of Ranchi had low frequency (0–20%), suggesting

that most would be expected to be rare in typical species

abundance distributions. Only a few species (1.32%) were

present at a higher frequency (81–100%) in the studied

forests and are constantly present. The normal species

occurrence ratio given by Raunkiaer is A[B[
C C D\E, meaning that a particular plant community is

homogeneous. But in the present study, the normal species

occurrence ratio was A[B[C C D[E, unlike the

Raunkiaer normal species occurrence; thus, the sal forests

of Ranchi are heterogeneous in nature, with a heteroge-

neous plants species distribution in the studied forests.

Table 4 Community

characteristics of sal forests in

Ranchi, Jharkhand, eastern

India

Community characteristic Tree Shrubs Herb

No. of families (identified species) 25 24 22

Species richness 78 25 34

Density (individual ha-1) 397 11,047 232,553

Basal area of trees (m2 ha-1) 262.50 – –

Diversity (Shannon’s H0) - 2.25 - 2.72 - 2.98

Concentration of dominance (Simpson index) 0.32 1.10 0.08

Evenness index - 0.49 - 0.76 - 0.78

Species richness index (Margalef’s index of richness) 10.28 4.88 5.85
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Raunkiaer’s life form and biological spectrum

The biological spectrum and maximum divergence from

the normal spectrum as proposed by Raunkiaer (1934) for

the 110 identified plant species in the present study, from

highest to lowest, comprised 71% phanerophytes (78%,

percentage deviation ? 25), 15% therophytes (percentage

deviation ? 2), 7% chamaephytes (eight species, percent-

age deviation - 2), 5% hemicryptophytes (six species,

with percentage deviation - 21), 2% cryptophytes (two

species, percentage deviation - 4). The comparative bio-

logical spectrum of present study and Raunkiaer normal

spectrum is presented in Fig. 9. A similar phytoclimatic

association has also been reported by other workers from

different parts of the world (Lakshmanan 1962; Misra et al.

1979; Saxena 1979; Saxena et al. 1982; Rajendraprasad

et al. 1998; Khatri 2000; Thakur and Khare 2011). The

much higher percentage of phanerophytes (71%) compared

with Raunkiaer’s normal value (46%) is evidence that the

climate of Ranchi is ideal for sustaining the tree diversities.

A predominance of therophytes in natural forests is mainly

due to grazing (Singh and Yadava 1974) and is also an

indicator of biotic pressures (Bharucha and Dave 1944).

Chamaephytes and therophytes, considered indicators of

unfavorable environmental conditions, were found at

almost similar proportions to the normal value of Raunki-

aer. Observed percentage deviation from normal life form

was much lower (? 2 percentage deviation) for both

chamaephytes (8%) and therophytes (15%), suggesting that

the studied sal forests are favorable for supporting various

plants species and maintaining biological diversity.

Stratification

Forests in Ranchi have a complex canopy structure and are

vertically divided into several layers, each with their own

unique ecological significance, creating an integrated and

biologically complex living space. The high diversity of

tree species in tropical moist forests might permit the

aggregation of trees into four or five strata, and the number

of strata tends to decrease with increasing altitude (Greig-

Smith 1964). Based on the average height of the plant

species in the present study, there are five distinct strata in

the sal forests of Ranchi: emergent ([ 20 m) with 1685

individuals belonging to 31 tree species, canopy

([ 10–20 m) with 7175 individuals belonging to 92 tree

species, understorey ([ 5–10 m) with 502 individuals

belonging to 31 tree species, shrub (1–5 m including sap-

lings of the tree species), and ground (\ 1 m including

seedlings of both tree and shrub species) (Fig. 10). From

our data, the height of individual plants that attained 40 cm

GBH exceeded 15 m and their crowns rise above the dense

foliage layer (canopy strata). Canopy structure determines

the distribution of light and precipitation received by sub-

ordinate trees and understorey plants (Anderson et al. 1969;

Cannell and Grace 1993). The emergent layer was usually

present in continuously moist soil on lower slopes and

dominated by timber trees such as S. robusta, B.

cochinchinensis (Lour.) Almeida, M. longifolia L., Syzy-

gium cumini L., Semecarpus anacardium L.f., Schleichera

oleosa, and similarly, the canopy stratum was also domi-

nated by timber trees such as B. cochinchinensis, Cassia

fistula L., B. monosperma, A. cordifolia, Dalbergia pseudo-

sissoo Miq., M. longifolia, fruit plants such as Aeglemar

melos (L.) Correa and had the largest cover (58%). The
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understory stratum contributed 3% of the total flora and

was dominated by plants such as Psidium guajava, D.

melanoxylon, Bombax ceiba L., etc. The shrub layer con-

sisted of numerous shrub species and saplings of higher

strata and contributed 12% of the total flora and was

dominated by Croton caudatus Geiseler, Clerodendrum

infortunatum L., C. spinarum L., Meyna laxiflora Robyns

etc. and invasive species such as Lantana camara L. The

ground stratum consisted of seedlings and mainly herba-

ceous weeds and grasses such as Elephantopus scaber L.,

Asparagus densiflorus (Kunth) Jessop, Panicum spp.,

Phyllanthus niruri L. Some herbs such as Smilax zeylanica

L., Andrographis paniculata (Burm.f.) Wall, A. densiflorus

are harvested by local tribal people for traditional healing

practices.

Population structure and regeneration status

Total density of sal individuals in the studied forests was

19,930 individuals ha-1, of which 19,362 individuals ha-1

(97.15%) were seedlings, 255 individuals ha-1 (1.28%)

were saplings and 313 individuals ha-1 (1.57%) were

adults (C 10 cm GBH). On the basis of the density of

seedling, sapling and adults of different girth classes, S.

robusta had fair regeneration status (seedlings[ trees[
saplings) and wide adaptability in the different ecological

conditions in the studied forests. Its percentage distribution

from lower to higher girth classes according to density per

hectare showed a decreasing trend and maximum density

observed in the lower girth classes. Among adults, the

highest percentage was contributed by the 30–60 cm girth

class (44.76%), followed by 60–90 cm girth class

(25.93%), then[ 120 cm (15.19%). On the other hand,

most of the individuals belonged to the higher height class,

i.e., 15–20 m height class (50%), followed by 10–15 m

height class (32%) of the 103 woody plant species (shrubs

and trees) identified, only 18 species (17.48%) were

regenerating (e.g., S. robusta, Alstonia scholaris (L.) R.Br.,

L. parviflora, Holarrhena pubescens (Buch.-Ham). Wall.

ex G.Don, S. cumini). The highest percentage of trees were

young (31–60 cm GBH; 44.48%), followed by older

(61–90 cm GBH, 25.95%), then mature trees ([ 120 cm

GBH, 3.87%) (Fig. 11).

Conclusions

The sal forests of the chota Nagpur Palateu region in

Ranchi have been subjected to centuries of anthropogenic

pressure. The most serious threat has been the change in

land-use patterns. Extensive forest tracts have been cleared

for human settlements, agricultural practices, road network

and industrial units. The remnant patches are not safe

despite legal protection. Illicit timber and fuelwood cutting,

collection of nontimber products, grazing, fire and hunting

also pose a threat. Because timber extraction is illegal,

quantifying the extent of the problem is not possible.

However, this sal forest is an extremely important

ecosystem by the virtue of high species richness and

diversity (137 plant species). Important plants for conser-

vation concern include P. marsupium, Sterculia urens, Ti-

nospora cordifolia, A. densiflorus and A. paniculata. This

study indicates that the climatic conditions of the region

have favoured recruitment of sal and its associates in the

climax formation over a long successional process. Forest

management strategies should focus on meeting the

increasing demands of different timber and non-timber

forest products while conserving the plant diversity of

these natural forests.
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