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The present study investigates the influence of Sal-dominated forests on the floristic composition, diversity and
distribution pattern, and population structure of associated trees in a part of Eastern Ghats. Two forest communities
viz., Sal-dominated Moist Deciduous Forest (SDMDF) and Moist Deciduous Forest without Sal (MDFWS)
were selected for the study. Both these forests had sandy loam and acidic soil, though organic carbon was
relatively higher (0.61%) in SDMDF than MDFWS (0.22%). While the SDMDF had 77 species (28 trees, 24
shrubs and 25 herbs) belonging to 51 families and 67 genera, the MDFWS had 111 species (44 trees, 22 shrubs
and 45 herbs) belonging to 64 families and 104 genera. While Dipterocarpaceae was the dominant family in
SDMDEF, Combretaceae was dominant family in MDFWS. Both forest types showed an inverse J-shaped
population structure indicating regenerating population. Phyllanthus emblica in SDMDF and Pterospermum
xylocarpum and Schrebera swieteioides in MDFWS showed no regeneration. The results suggest that MDFWS
maintain higher species diversity and ecosystem vitality than the SDMDF.
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INTRODUCTION

Sal (Shorea robusta Gaertn, f., family
Dipterocarpaceae) is a valuable tropical hardwood
timber species native to South Asia. It is a climax
species, grow gregariously and form dominant mono-
specific canopy in forest communities extending
tropical to subtropical regions between 20-32°N
latitude and 75-95°E longitude. In India, sal forests
cover nearly about 10 million ha area from
Uttarakhand in the north to Andhra Pradesh in the
south and Assam in the east to Haryana in the west
(Tiwari 1995). These forests are source of many
ecosystem services, harbor rich biodiversity, provide
economic sustenance to resource poor people and
deeply linked with culture of tribal and ethnic groups
of the region.

Sal tree is known for its superior quality timber
of high structural strength and durability (Satya et
al. 2005). Immature young sal tree leaves and poles
are used for thatching and as construction material

in rural areas. Apart from fuel wood, sal forest yield
fodder, seed for oil, leaves for plate making, resin
from heartwood, tannin and gums from bark having
domestic utility and of manufacturing importance
(Chitale et al. 2014, Kumar and Saikia 2020, Kumar
et al. 2016). The de-oiled seed cake is a good feed
for cattle, poultry and fish (Sarkar et al. 2021).
Besides this associate species of sal produce various
types of NTFPs depending upon species composition
(Gautam and Devoe 2006). Sal forests have good
climate change mitigation potential by maintaining
positive carbon balance in its ecosystems and greater
sink capacity (Raj and Jhariya 2021).

Sal has wide range geographical and weather
adoptability. Depending on the local microclimate,
geologic and edaphic characteristics, sal forms pure
or mixed forest having deciduous, semi-evergreen
or evergreen phenological appearance (Kumar and
Saikia 2020, Kushwaha and Nandy 2012). It prefers
well drained alluvial to lateritic sandy loam soils with
acidic to neutral pH. In Odisha sal forests primarily
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falls in two groups Northern Tropical Moist
Deciduous Forest (3C) and Northern Tropical Dry
Deciduous Forest (5B) with sub-type Kamrup sal,
peninsular sal and coastal plain sal (Champion and
Seth 1968). Sal forests spread over 24713.44 km?
accounting 44.17% of the total forest cover of the
state (Indian state of forest report 2021). It covers
almost every district of the state except for a few in
coastal regions like Bhadrak, Kendrapada. The plant
is deeply associated with odia people socially,
economically and culturally. In Hindu mythology
sal tree symbolizes god Bihshnu and worshiped. It
is an object of veneration for many tribes such as
Banda, Oraon, Ho, Santal, and Munda; and the Sarhul
festival in Northern Odisha witness to it.

Climate and geologic mass of an area has a strong
influence on structure and composition of forest. The
structure and composition of tropical forests are not
completely deciphered and understood. Floristic
inventory helps in understanding the climate-soil-
vegetation relation and structure and composition of
plant communities. It is also useful in quantifying
ecological status of economically important as well
as species of special concern, thus having an
implication in biodiversity conservation and
sustained utilization. Many phytosociological
explorations have been conducted in sal forests to
understand: soil and climate relation (Narayan and
Anshumali 2016), structure and composition (Kumar
and Saikia 2020, Dutta and Devi 2013, Gautam and
Devoe 2000), resilience towards anthropogenic
disturbances (Behera et al. 2023, Rahman et al. 2009,
Sapkota et al. 2010), carbon sequestration rate
potential (Raj et al. 2021, Kongkham et al. 2021)
and response of sal to climate change (Shankar and
Garkoti 2023, Mishra et al. 2021). Some studies also
have been conducted in sal forests of Odisha (Sahoo
and Davidar 2013, Behera and Mishra 2006). These
studies are primarily focused on listing of plant
species and information pertaining to population
characteristics of economically valuable NTFP
yielding species is lacking specifically in sal forest
of Kandhamal district located within Eastern Ghats
of Odisha.

Kandhamal is a tribal district having 67.37% of
the total geographical area covered with forest.
According to Champion and Seth (1968) major forest
types viz. Northern Tropical Moist Deciduous Forest

(3C) and Northern Tropical dry deciduous (5B) exists
in the district with sparsely intermingled semi-
evergreen vegetation patches. In these forest types
sal forms pure as well as mixed forests depending
upon the soil moisture, geology and elevation with
varied associates. Under current climate change, this
important forest type has been dwindling across the
state. Sal tree is more sensitive to temperature rise
than alteration in rainfall regime because of climate
change (Patasaraiya et al. 2018). There are reports
of changing phenology, fruit set timing, and failure
of regeneration having a cascading effect on
functioning of sal dominated ecosystems leading to
lesser degree of ecosystem services (Kumar and
Chopra 2018, Nandy et al. 2021). The present study
aimed to analyze tree species composition, stand
structures and ecological status of economically
important NTFP yielding species in sal dominated
moist deciduous forest (SDMDF) of the district and
compared it with moist deciduous forest without sal
(MDFWS). The findings of present work will be
helpful in recommending species-specific
silvicultural treatments intending towards sustained
production of NTFPs and other usufructs including
ecosystem services besides ensuring conservation of
species in-situ.

MATERIAL AND METHODS

Study area

The study was conducted in Phulbani Forest Division
of Kandhamal district (a constitute of the hilly ranges
of the Eastern Ghats) which lies between 19°49'50”
t020°41°20” N and 83°46°53” to 84°35°15” E at 485
m amsl. The climate is sub-tropical, hot and dry with
mean maximum temperature 45.5°C (summer) and
minimum temperature 2.0°C (winter) with annual
rainfall that ranges from 1523 to 1602 mm, of which
80% 1is received during monsoon (June to
September). Soils of study site are loamy to sandy
loamy and acidic. Forests of this division fall under
the North Indian tropical moist deciduous forest type
(Champion and Seth 1968). The characteristics
features of both the forest types in terms of total area,
dominant species, management practice, distance
from human habitation, grazing, forest fire frequency
and intensity of disturbance received by both forest
types are summarized in Table 1.
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Table 1. Characteristics of study sites in SDMDF and MDFWS, Eastern Ghats, Odisha

Particulars SDMDF MDFWS
Total area (ha) 1023 473
Elevation (m amsl) 403-427 514 -632

Location
Land type
Forest type

Dominant tree species and
associates

Management

Distance from habitation
Forest produce collected

No. of families depending
on forest for livelihood
Frequency of forest visit
Grazing intensity
Intensity of disturbance
(SBDI)*

Fire incidence

Quarrying (Murrum)

20°25'N, 84°27'E

Plain-hilly, slope <30 %
Reserve forest, moderate to
high dense canopy

US - S. robusta, B. lanzan,

D. melanoxylon, P. marsupium
MS- S. cumini, C. collinus,

M. latifolia, B. retusa
Selection working circle

<2.0 km

Pole, firewood, NTFP (leaf,
seed, fiber, resin, flower, root,
mushroom, medicinal plant,
broom grass etc.)

215 (6 villages)

4 days/week
50-100 cattle units/day
24.0

Surface fire 1-2 times a year
Partially observed

20°26"' N, 84°21'E
Undulating, hilly, slope <30 %
Reserve forest, moderately dense canopy

US-T. alata, A. latifolia, D. melanoxylon,
MS- C. collinus, D. malabarica, S.
oleosa, P. emblica

Selection and rehabilitation working
circle

>4.0 km

Fire wood, bamboo, NTFP (leaf, fiber,
mahua flower, seed, honey, mushroom,
gum, medicinal plant, fruits etc.)

124 (3 villages)
2 days/week

<50 cattle units/day
9.5

Ground fire occasional/rare
None

*Stump based disturbance index (SBDI) = basal area of felled trees by total basal area of felled trees and
basal area of standing trees.SDMDF-Sal dominated moist deciduous forest; MDFWS-Moist deciduous

forest without sal

Vegetation sampling and analysis

Two distinct plant communities’ viz. Sal dominated
Mixed Deciduous Forest Community (SDMDF) and
Moist Mixed Deciduous Forest without Sal
Community (MDFWS) were selected within three
reserve forests (Khajuripada RF, Dutimundi RF and
Dakapalla-B RF) of tropical moist deciduous forest
in Phulbani Forest Division, Odisha, India for the
study (Fig. 1). In each forest community five sample
plots of one ha each were established totaling 10.0
ha of sampling area. Within a plot four sub-plots each
of 31.5 x 31.5 m for trees, 5 X 5 m for shrubs and
saplings and 1 x 1 m for herbs and seedlings were
delineated randomly during 2021 following the
procedures of Curtis and Cottom (1956). Tree
diameter was measured at breast height (1.37 m from

ground) over bark. All individuals having DBH >10
cm were considered as adults, DBH <10 cm and
height >20 cm as saplings and DBH <10 c¢cm and
height <20 cm as seedlings (Sundriyal and Sharma
1996). The regeneration status of a tree was assessed
based on the proportion of its individuals in tree,
sapling and seedling category (Shankar 2001). All
trees found in the quadrats were categorized into five
diameter classes viz. 10-20, 21-30, 31-40, 41-50 and
>51 cm. Distribution pattern of tree species was
calculated based on the abundance to frequency ratio
(Curtis and Cottam 1956). The descriptive variables
for community structure viz. basal area, frequency,
density, importance value index (IVI) were computed
following the formulae of Mishra (1968). The
diversity indices such as Shannon-Weiner diversity
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Figure 1. Map of the study area. Phulbani Forest division showing location of sampling plots (SDMDF and
MDFWS) within the tropical moist deciduous forest, Eastern Ghats, India

index (H’), Simpson’s dominance index (Cd),
Pielou’s evenness index (E), Margalef’s species
richness index (R), and Sorensen’s index for
similarity (S) were calculated according to Shannon
and Weiner (1949), Simpson (1949), Pielou (1966),
Margalef (1968) and Sorensen (1948). Identification
of plant species was done with the help of Botanical
Survey of India (Kolkata) and the Flora of the region.

Soil sampling and analysis

Soil samples were collected randomly from 40 points
from the 31.5 x 31.5 quadrats at three soil depths 0-
15, 15-30 and 30-45 cm of each forest community.
All soil samples for a given depth and given forest
community was bulked from which two composite
soil samples were drawn. These composite samples
were brought to the laboratory, shade-dried, sieved
through a metallic 2-mm mesh, sealed in polythene
bags and stored at room temperature for further
physicochemical analysis. The soil texture was

determined using hydrometer (Bouyoucos 1962).
The bulk density (BD) was determined by soil core
method and water holding capacity (WHC) by
gravimetrically adopting Keen’s box method. The
soil pH and electrical conductivity (EC) were
estimated in 1:2 soil water suspensions by using glass
electrode pH meter (Jackson 1967). The organic
carbon content was determined by rapid titration
method (Walkley and Black 1934) available nitrogen
by digestion-distillation -titration method (Subbiah
and Asijal956), available phosphorus by
phosphomolybdinum blue colorimetric method
(Olsen et al. 1954) and available potash by
ammonium acetate method (Merwin and Peech
1951).

Statistical analysis

The inventoried data were analyzed using statistical
package SPSS 20. (IBM Corp, USA) and Microsoft
excel for various descriptive statistics. Independent
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sample t-test was done to find out significance of
variance soil and vegetation attributes among two
forest types. Rank-abundance curve was prepared
using Past Software 4.03. Pearson’s correlation was
carried out within and among soil physicochemical
characters and vegetation attributes such as tree
density and species richness.

RESULTS AND DISCUSSION

Soil physicochemical properties

The analysis of soil revealed distinct variation
between the forest communities, for example, soil
texture was sandy-loam in SDMDF and while it was
sandy in MDFWS. The proportion of sand however,
decreased from the surface (0-15 cm) towards sub-
surface layer (30-45 cm) in both stands. The BD,
WHC, pH increased with increasing soil depth while
EC, organic carbon (OC), available N (AN), available
P (AP), available K (AK) showed a reverse trend
(Table 2). Clay content in the soil profile increased
with depth due to hydromorphic illuviation of
dispersed clay particles leading to reduced porosity
at lower zones (Parimanik et al. 2020). A minor
increase in bulk density with soil depth may be due
to reduced organic carbon content and soil
compactness along vertical dimension (Hossain et
al. 2015). While the soils of SDMDF are heavy
textured (clay 13.4 to17.2%), acidic in reaction (pH
5.88105.92), having high-medium OC (0.97 to 0.62%),
low AN (95.12t0 116.92kgha™), low AP (8.60to 10.35
kg ha') and high AK (476 to 527.15 kg ha), the soils
in MDFWS were light-textured (clay 2.2 to 41%), light
acidic in reaction (pH 5.97 to 7.46), having low-medium
OC (0.68 t0 0.37%), low AN (94.80 to 69.52 kg ha™),
low AP (14.08 to 10.57 kg ha') and high AK (581.74
to 518.85 kg ha).

Tropical forest soils are characteristically acidic
because of organic acid formation from the partially
decomposed organic matter present in the upper layer
of soil profile (Narayan and Anshumali 2016). In the
SDMDF the pH was comparatively low due to
accumulation of higher un-decomposed floor litter
than the MDFWS. Higher soil organic carbon content
in SDMDF than MDFWS was probably due to the
slow decomposing nature of sal leaf that contribute
major share to the floor litter in the former (Singh et
al. 1999). There is a direct relationship between SOC

Table 2. Physicochemical characteristics of soil in SDMDF and MDFWS forest, Eastern Ghats, Odisha

AN (kg ha ') AP (kg ha ') AK (kg ha ')

SOC(%)

pH

WHC (%)

BD(g cm?) SMC (%)

Soil depth Textural class
(cm) (sand:silt:clay)
77.4:9.2:13.45% 1.54+0.08

Forest
type

17.40+0.17 37.85+0.59" 5.88+0.06" 0.97+0.01" 116.92+1.15" 10.35+0.11" 527.15+8.82"

SDMDF 0-15

507.60+4.04"

13.42+0.07 38.17+£0.52" 5.91+0.03" 0.72+0.01" 102.70+0.57" 9.25+0.14"

75.4:9.2:15.45 1.55+0.04

15-30
30-45

MDFWS 0-15

476.00+5.57"

8.60+0.09"

12.21+0.06 40.41+0.28" 5.92+0.01" 0.62+0.04" 95.12+1.10"

74.3:8.5:17.25 1.78+0.06

89.3:8.5:2.218

14.08+0.20" 581.74+5.24"
12.66+0.11" 548.70+6.55"

10.57+0.03" 518.85+3.08"

14.08+0.15 42.26+0.58" 5.97+0.06" 0.68+0.03" 94.80+0.65"
12.03+£0.59 44.65+1.16" 6.90+0.04" 0.51+0.02° 91.64+1.22°
11.64+0.35 39.34+0.71" 7.46+0.02" 0.37+0.02" 69.52+1.07"

1.60+0.03

1.76+0.02

87.2:8.7:4.118

15-30
30-45

86.2:10.7:3.1 1.79+0.04

*indicate significant difference between soil properties in SDMDF and MDFWS forest type (P<0.05); SL Sandy-Loam, LS Loamy-sand, BD-bulk

density, SMC-soil moisture content, WHC-water holding capacity, AN-available nitrogen, AP-available phosphorus, AK-available potassium
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kg ha'). OC in tropical moist deciduous forest ranges
between 1.73-2.64% (Chhabra et al. 2003) and that
in sal forest from 2.42% in pure sal to 1.74% in mixed
sal forest (Paudel and Sah 2003). The observed OC
content in both the forest types in the present study
are little low attributed to faster rate of decomposition
of litter in warmer humid edapho-climatic condition.

AP ranged from 8.60 kg ha™! in SDMSF to 14.08
kg ha' in MDFWS which was quite comparable to
the values reported by Digal et al. (2012) for tropical
forest soils. The low AP in SDMDF was due to acidic
soil condition. In acidic soil conditions (pH 4.5-6.5)
aluminium and iron minerals fixes phosphorous thus
reducing its availability (Penn and Camberato 2019).
AP in MDFWS at lower layer is quite high as
compared to other layers because of neutral pH. The
values for AK in the present study (476 to 581.74 kg
ha') are well within the range reported by Nayak
and Sahoo (2020), but quite higher than those
reported by (Kumar and Saikia 2021). This is because
of soil forming parent material Khondalites, one of
the major rock present in the study site. It is rich in
potassium bearing feldspar (potassium alluminium

sillicate) and up on weathering forms potash rich soils
(Dash et al. 2019).

Floristic composition

A total of 146 species (61 trees, 38 shrubs, 59 herbs)
belonging to 72 families and 131 genera were
recorded from the study sites. In SDMDF 77 species
(28 trees, 24 shrubs and 25 herbs) belonging to 51
families and 67 genera and in MDFWS 111 species
(44 trees, 22 shrubs and 45 herbs) belonging to 64
families and 104 genera were recorded (Table 3).
Dipterocarpaceae was the dominant tree family (FI'V-
92.49) in SDMDF while Anacardiaceae (FIV-30.55)
and Phyllanthaceae (FIV-29.84) were the co-
dominant families (Table 4). In SDMDF,
Combretaceae was the dominant with
Dipterocarpaceae while Phyllanthaceae (FIV-33.90)
as the co-dominant families. In SDMDF for trees, 8
families were represented by single species, 4
families by 2-3 species and one family by four
species. In MDFWS for trees, ten families were
represented by single species, five families by two
species, one family by 3-5 species, two families by
four species and one family was by eight species.
The species richness (the number of species found
in the sampling sites) was primarily due to tree
(37%), followed by herbs (32%) and shrubs (31%)
in SDMDF and herbs (41%). In MDFWS it was trees

Table 3. Floristic characteristic of SDMDF and MDFWS in Eastern Ghats, Odisha

Floristic traits Trees Shrubs Herbs
SDMDF MDFWS SDMDF MDFWS SDMDF MDFWS

Species numbers 28%* 44%* 24 22 25% 45%
Family numbers 15 20 18 17 18% 27%*
Genera numbers 26%* 37* 23 22 18%* 45%
Density (Ind. ha) 725 830 6300 6450 75000%* 112500%*
Basal area (m?ha') 21.69% 32.06* 5.98 6.58 - -
Margalef’s species richness 5.15% 7.24%* 4.55 4.53 5.01%* 8.47*
Shannon diversity index 2.67* 3.63* 2.98 2.91 2.98* 3.73*
Simpson dominance index 0.15* 0.03* 0.06 0.06 0.06 0.02
Pielou’s evenness index 0.76* 0.97* 0.95 0.93 0.98 0.98
B-diversity 4.52% 7.10%* 5.29 4.85 3.71* 6.68*
Sorensen’s similarity index 66.67 52.17 38.71
Distribution pattern

Contiguous 67.86 90.91 70.83 68.32 66.67 77.78

Random 25.00 9.90 29.17 31.82 30.95 22.22

Regular 7.14 - - - 2.38 -

SDMDF-Sal dominated moist deciduous forest; MDFWS-Moist deciduous forest without sal, Trees - DBH
>10 cm; Shrubs-DBH 5 c¢m to <10 cm, height >1.0 m; height <1.0 m; *indicate significant difference
between the values in the same row at tree, shrub or herb (p<0.05)
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Table 4. Family wise distribution of genera (G), species (S) and density (D) and family importance value
(FIV) of trees in SDMDF and MDFWS, Eastern Ghats, Odisha

SI.No Family

Sal dominated moist deciduous forest Moist deciduous forest without sal

G S D FIV G N D FIV
1 Anacardiaceae 3 3 70 30.55 4 4 53 25.8
2 Bignoniaceae - - - - 1 1 3 1.46
3 Burseraceae 1 1 13 5.57 1 1 38 10.7
4 Combretaceae 2 3 55 25.81 3 5 134 45.6
5 Dipterocarpaceae 2 2 256 92.49 1 1 10 5.26
6 Ebenaceae 1 1 21 11.2 1 2 45 19.3
7 Fabaceae 2 3 56 29.8 6 8 129 45.7
8 Lecythidaceae 1 1 20 8.23 1 1 15 7.49
9 Loganiaceae - - - 1 1 10 53
10 Lythraceae 1 1 11 6.07 1 2 21 9.86
11 Malvaceae 1 1 20 8.81 4 4 58 19.9
12 Moraceae - - - - 1 1 5 2.17
13 Myrtaceae 1 1 20 8.32 1 2 48 16.3
14 Oleaceae 2 2 31 10.47 2 2 28 10.2
15 Phyllanthaceae 3 3 83 29.84 3 3 126 33.9
16 Rubiaceae 4 4 34 15.98 2 2 43 19.5
17 Rutaceae - - - - 1 1 3 1.59
18 Sapindaceae - - - - 1 1 38 12.6
19 Sapotaceae 1 1 24 11.34 1 1 8 34
20 Sterculiaceae - - - 1 1 15 3.97
21 Dilleniaceae 1 1 11 5.52 - - - -
Total 26 28 725 300 37 44 830 300

(39%) followed by shrubs (20%). The species
richness of SDMDF of the present study is
comparable with the Sal forests of Kuldiha Wildlife
Sanctuary reported by others (Rout et al. 2018,
Beheraetal. 2021). The overall species richness (158
plant species) encountered in the study sites of
Phulbani forest division is comparable with that of
tropical deciduous forests of Nayagarh forest division
(Sahoo et al. 2017), Boudh forest division (Sahu et
al. 2007) and Badarama forest division (Devi and
Behera 2003) of Odisha sharing various habitats of
the Eastern Ghats. The presence of 111 species
documented in MDFWS is quite close to the species
richness range commonly observed in tropical dry
forests of this region (Shankar 2001). With a
maximum of eight species Fabaceae was the most
conspicuous family among trees in SDMDF
community.

The family wise distribution of trees (DBH >10
cm) reveals that many families were common to both
sites. While Dilleniaceae was restricted to SDMDF,
Bignoniaceae, Loganiaceae, Moraceae, Rutaceae,
Sapindaceae and Sterculiaceae were restricted to
MDFWS (Table 4). The number of shrub species was
fairly similar in both the forest communities (24 in
SDMDF and 22 in MDFWS). However, a significant
(P<05) variation was observed with respect to the
number of herb species and their density (Table 3).

Density and basal area

In SDMDF, density of trees was 725 plants ha'! with
basal area of 21.69 m2ha'. Sal being the dominant
species, have IVI 94.31 (Annexure 1), accounted to
36.04% (272.50 plants ha') of stand density and
52.97% (11.49 m2ha'') of basal area of the forest. In
MDFWS density of trees was 830 plants ha! with
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basal area of 32.06 m?ha! and dominant tree species
were having IVI in the range of 14-17. Here
dominance is shared among Terminalia alata,
Bridelia retusa, Anogeissus latifolia and Cleistanthus
collinus. In the moist tropical forest of Similipal
biosphere Mohanty et al. (2005) reported IVI in the
range of 80-150 for S. robusta in sal dominated mixed
forest. The observed density of 725-830 trees ha! in
both stands were within the range of previous studies
in the state i.e., in sal dominated forests of Similipal
Biosphere Reserve - 741 stems ha™' (Mohanta et al.
2020) and moist deciduous forests of Nayagarh forest
division - 355-740 stems ha™' (Sahoo et al. 2017).
Difference in basal area of both the forest types is
quite high as compared to density variation which is
because of presence of number trees at juvenile (10-
20 cm) and young (21-30 cm) diameter classes in
SDMDF (Fig. 3A). Though Cleistanthus collinus is
present in both the forest types substantially it is one
of the dominant species in MDFWS but co-dominant
in SDMDF. The dominance of Cleistanthus collinus
in MDFWS is an indicative of dryness of site as
evident from low soil moisture content and organic
carbon content (Table 2). Common associates of S.
robusta recorded in present study i.e., Cleistanthus
collinus, Buchanania lanzan, Pterocarpus
marsupium and Diospyros melanoxylon were also
found as associates of sal in moist peninsular sal
forest of Chhattisgarh and Madhya Pradesh (Chaubey
etal. 2015).

Diversity and dominance indices

Commonly biodiversity indices are calculated in
floristic studies to bring the diversity and species
richness of species in various habitats to a similar
scale for comparison. The higher the indices value
is the greater the species richness. It is well
established that higher value of woody species
particularly trees are key component of forest
ecosystem, architecture of forest structure and greatly
influence other biotic and abiotic components. Thus
higher values of diversity indices divulge a forest
with high tree species diversity (Naidu and Kumar
2016). The species diversity index ranged from 2.67
to 3.63 for trees, 2.98 to 2.91 for shrubs and 2.98 to
3.73 in SDMDF and MDFWS stand, respectively
(Table 3). Diversity index for trees in tropical forests
of India ranged 0.83 to 4.1 and the diversity value

obtained in the present study is well within the
reported range (Mohanty et al. 2005, Shankar 2001,
Tripathi and Sankar 2014). The concentration of
dominance was highest for trees in SDMDF type
because of dominance of one species i.e., S. robusta
(Fig. 2). In contrary to this because of absence of
any single dominant tree species the Pielou’s
evenness index value was high (0.97) in MDFWS.
Being located in a similar climate and geographic
region species similarity was found 66.67% for trees,
52.17% for shrubs and 38.71% for herbaceous layer.
Higher dissimilarity in herb and shrub layer was due
to thick layer of leaf litter from sal in SDMDF
limiting soil exposure reducing germination and
growth herbs. Another important reason is incidence
of recurrent ground fire in sal forests during spring
and summer burn seeds and propagules of ground
vegetation leading to lower diversity.

Distribution pattern of species gives an idea about
intrusion of humans and related activities in a forest.
In natural undisturbed forests contagious distribution
pattern is most common (Gogoi and Sahoo 2018).
Predominance of regular and randon distribution
pattern indicates frequentness of biotic interventions
(Mohanty et al. 2005). In the present study nearly
32% tree species have random and regular
distribution pattern in SDMDF as compared to 10%
in MDFWS indicating more biotic disturbances in
sal forests. This is mainly for illegal timber extraction
and frequent visit of fringe dwellers to forest for
collecting non timber forest produce (Behera et al.
2023). Though many species are present in SDMDF,
sal saplings are much preferred as poles for various
domestic uses apart from thatching and fencing and
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it is one of the major causes of degradation sal forest
in the area.

Stand structure

In any floristic inventory emphasis is given to
understand the stand structure because it gives an
insight to the ecological processes going in the
community. The grouping of individuals of different
tree species in five diameter classes based on density
showed a sharp decline from Juvenile class to over
mature class i.e., a reverse J-shaped pattern in both
forest types, suggesting both as climax or stable
vegetation (Mishra et al. 2005, Fig. 3a). High density
of trees in lower girth classes could be attributed to
the repeated disturbance and rapid colonization
(Gogoi and Sahoo 2018). Grouping of individuals
on the basis of basal area showed a mixed trend. In
SDMDF, the declining trend from juvenile to over
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mature individuals was observed. Juvenile and young
classes contributed to nearly 64% to the total basal
area of the forest (21.69 m>ha') but in MDFWS type
it was the mature and juvenile class which accounted
45% to basal area of the forest (32.06 m*ha'). In
SDMDF, being dominant, S. robusta accounts to
maximum share in terms of density (36.05%) and
basal area (52.97%). The predominance of trees in
juvenile and young classes is an indicative of good
regeneration and growth of forest in spite of
anthropogenic pressure. However, illegal felling of
large sized trees of S. robusta, T. tomentosa, B.
lanzan, T. chebula for timber trade by smugglers is
also equally responsible for poor contribution of
mature and over mature class to total basal area of
SDMDF (Fig. 3b,c,e). Sahoo et al. (2020a) also
observed illegal timber extraction is a pivotal cause
of juvenility of forests in Eastern Ghats, Odisha. The
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Figure 3. Stand structure and population characteristic in SDMF and MDFWS based on Basal area and
relative density. DBH based age class Sap.-saplings (3.3-<10cm and height >20 cm), Juv.-juvenile (10-
20cm), Yng.-young (21-30cm), Eld.-elder (31-40cm), Mat.-mature (41-50cm), O-mat.-over mature
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dwindled population structure in M. latifolia was due
to felling of large sized trees for charcoal making.

Regeneration

Forest of the study area is well known for the non-
timber forest produce (NTFPs) collection and
marketing by tribals. Both the forest types are rich
in NTFP yielding tree species (Annexure 1). Major
tree species contributing substantially to the
livelihood of tribals of the area are S. robust (leaf,
seed, resin, twigs), D. melanoxylon (leaf, fruit), S.
anacardium (seed), M. latifolia (flower, seed), B.
lanzan (fruit, seed), T. chebula (fruit), T. belerica
(fruit), P. emblica (fruit), T. indica (fruit, seed), Cycas
circinalis (tuberous trunk), Bahunia bahali (leaf,
fiber), P. aculis (leaf) and hill broom grass
(inflorescence). In both the forest types many NTFP
yielding tree species are having higher number of
individuals in seedling and sapling class but absent
in higher age classes mostly in elder, mature and
over mature classes (Fig. 3c,d,e).

Among the 28 species found in SDMDF, 43%
(12 species) having good regeneration, 54% (15
species) regenerating fairly and one species
(Phyllanthus emblica) is having poor regeneration.
In MDFWS out of the 44 species 30% (13 species)
having good regeneration, 59% (26 species)
regenerating fairly, three species (Bombax ceiba,
Gardenia latifolia and Grewia tiliifolia) having poor
regeneration and two species (Pterospermum
xylocarpum and Schrebera swietenioides) are having
no regeneration i.e., absent in sapling and seedling
class (Table 5). These two species are endemic, slow
growing and sensitive to biotic disturbance (Babu
and Rao 2010, Mehta et al. 2008). Another reason
for comparatively less regeneration in MDFWS is
due to soil condition (i.e. lower organic carbon and
soil moisture), growth of woody weeds species
(mostly Chroloena ororata and Lantana camara) and
dense ground vegetation. Impaired natural
regeneration because of poor soil condition and biotic
intervention was reported in Bandipur National Park

(Mehta et al. 2008). It was also observed that plant
species yielding non-timber produce is subjected to
fair to poor regeneration. This was because of
unsustainable harvesting i.e., removing nearly all
flowers, seeds or other reproductive parts from forest.
Unscientific harvesting is the cause poor regeneration
of M. latifolia, T. chebula and P. emblica. Secondary
and tertiary branches are often lopped to collect fruit,
leading to over lopping and serious damage even
many times death of tree. Harvesting for firewood
during lean season is also equally responsible for
absence of trees in higher diameter classes in both
forest types (Fig. 3f). Species centric negative impact
of unsustainable NTFP collections on survival,
growth and reproduction of harvested individuals has
been reported by many workers (Talukdar et al. 2021,
Ticktin 2004). Another important phenomenon
observed in this two forest types was that, higher
number of new species (15) found to be colonizing
in SDMDF as compared to MDFWS (10) among
which Wendlandia tinctoria, Gardenia latifolia and
Holarrhena antidysenterica are prominent ones
having seedling density within range of 4500-9000
ha'.

Tree species diversity (H’) and density in relation
to soil physicochemical properties

Pearson correlation matrix showed that SOC
concentration was significantly positively correlated
with soil moisture, available nitrogen, tree density
and Shannon diversity index where as a negative
significant correlation observed between bulk density
and pH (Table 6). The decrease in BD along vertical
scale and reduction of SOC in both the stands was
due to incorporation organic matter in soil structure
development (Mishra et al. 2019). Generally tree
density and species richness have a positive
correlation with SOC (Islam et al. 2015, Saha et al.
2009) but in the present case lower SOC in MDFWS
in spite of high tree density and species diversity
was due to lower forest floor litter and thin canopy
layer than SDMDF. The negative correlation of BD

Table 5. Regeneration status of trees in SDMDF and MDFWS

Forest type Tree species Good Fair Poor None New arrivals
SDMDF 28 12 15 1 - 15
MDFWS 44 13 26 3 2 10




50 (5): 711-726 Behera et al. : Floristic structure and regeneration in sal and non-sal forests

721

Table 6. Pearson correlation coefficient between soil physiochemical properties, tree density and species

diversity (H’)

BD SMC  pH SOC AN AP AK Tree density H’
BD 1
SMC =765 1
pH 640" -505" 1
SOC -.830° .878°  -790" 1
AN =761 768 -790™ 961" 1
AP -.101  .198 123 -062  -.087 1
AK -272 285 046  .056 015 8757 1
Tree density 422 =392 619" -.669" -.690" .660" .648" 1
H’ 416 -391 626" 672" -.698" .654 .6657 0.997 1

**Correlation is significant at the 0.01 level (2-tailed), *Correlation is significant at the 0.05 level (2-
tailed), BD-bulk density, SMC-soil moisture content, WHC-water holding capacity, AN-available nitrogen,
AP-available phosphorus, AK-available potash, H’-Shannon’s diversity index

with SOC in tropical forest soils was reported earlier
(Deb et al. 2021). As far as soil nutrients are
concerned tree density has a strong correlation with
AN, AP and AK. Available phosphorus and K was
positively correlated with tree density and diversity
whereas AN is negatively correlated. A similar
correlation trend of tree density and H” with AN and
AP observed in tropical sacred forest ecosystem of
Niyamgiri Hill range of Odisha (Sahu et al., 2012).

CONCLUSIONS

The quantitative tree species inventory in present
study reveals that sal-dominated moist deciduous
forest differs significantly from the mixed deciduous
forest without sal when compared with their tree and
herbaceous species richness. The species similarity
between two forest types was in the order tree >
shrubs > herbs. Though Shorea robusta was
dominant, Rubiaceae with four species was
conspicuous in SDMDF. On the other hand Fabaceae
and Combretaceae were conspicuous families in
MDFWS. Both the communities are rich in NTFP
yielding tree species providing livelihood to the
tribals of the area but the frequency of visit to
SDMDF was much more. Unsustainable collection
of NTFPs coupled with periodic forest fire and
grazing were the main causes of degradation of forest
health and reduced provisioning services. This was
evident from dwindling population structure of some
ofthe NTFP yielding tree species such as M. latifolia,

T. chebula and P. emblica in SDMDEF. Conservation
of existing forest resources is the need of the hour
with special emphasis on assisted natural
regeneration of economically valuable tree species.
The quantitative floristic information of this study
will be helpful to forest management authorities at
division and state level to prioritize species selection
process for plantation and conservation of selected
tree species. The study also emphasizes role of sal
dominated forest in maintaining higher SOC and thus
have implication for sequestering atmospheric CO,
and their by climate change mitigation.
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Annexure 1. Density, importance value index (IVI) and utilization of tree species in SDMDF and MDFWS,
Eastern Ghats, Odisha

SI. No Botanical name Family Vernacular SDMDF MDFWS Uses
name D IVvi D 1VI1

1 Aegle marmelos (L.) Correa Rutaceae Bela - - 3 1.46 Fw, M, Ed
Albizia lebbeck (L.) Benth. Fabaceae Siris - - 18 7.25 T, Fw, Fo, Fp

3 Anogeissus acuminata (Roxb.  Combretaceae Phasi - - 10 32 T, Fw
ex DC.) Guillaum. & Perr.

4 Anogeissus latifolia (DC.) Combretaceae Dhaura 11 4.68 40 12.43 T, Fw
Wallich ex Guill. et Perr.

5 Antidesma ghaesembilla Gaertn. Phyllanthaceae ~ Jamrul 5 3.01 - - Fw, Fo

6 Bauhinia variegata L. Fabaceae Kanchana - - 10 44  Fw, Fo, Ed

7 Bombax ceiba L. Malvaceae Simuli - - 10 3.6 Fw,Co

8 Bridelia retusa (L.) A.Juss. Phyllanthaceae ~ Kasi - - 45 15.24 T, Fw,

9 Buchanania lanzan Spreng. Anacardiaceae Chara 29 11.68 20 7.69 T, Fw, Ed

10 Careya arborea Roxb. Lecythidaceae Kumbhi 21 8.74 15 7.38 T, Fw, Fo

11 Cassia fistula L. Fabaceae Sunari - - 20 6.78 Fw,M

12 Ceiba pentandra (L.) Gaertn.  Malvaceae Kanta simili 20 8.44 15 436 T,Fw,Co

13 Cleistanthus collinus (Roxb.)  Phyllanthaceae ~ Karda 64 17.46 48 11.93 Fw, Fp
Benth. ex Hook.f.

14 Dalbergia lanceolaria L.f. Fabaceae Satpedia - - 10 4.61 Fw,Fo

15 Dalbergia latifolia Roxb. Fabaceae Pahadi sisu 20 9.54 13 6.56 T, Fw, Fo

16 Dalbergia sissoo Roxb. Fabaceae Sisuba - - 25 9.24 T, Fw, Fo

17 Desmodium oojeinensis (Roxb.) Fabaceae Bandhana 14 6.49 20 6.18 T, Fw, Ae
H.Ohashi

18 Dillenia pentagyna Roxb. Dilleniaceae Rai 11 537 - - T, Fw, M

19 Diospyros malabarica (Desr.)  Ebenaceae Mankada - - 20 6.76 T, Fw, Ed

kendu

20 Diospyros melanoxylon Roxb.  Ebenaceae Kendu 21 10.73 25 12.38 T, Fw, Ed, Ch, M

21 Ficus racemosa L. Moraceae Jari - - 5 2.1 Fw,Fo

22 Gardenia latifolia Aiton Rubiaceae Damsaradi 3 1.27 15 499 T,Fw

23 Garuga pinnata Roxb. Burseraceae Sidhamai 12 5.39 33 9.72 T, Fw, Fo, Ae

24 Grewia tiliifolia Vahl Malvaceae Dhamana - - 15 5.82 T, Fw, Ae

25 Ixora pavetta Andr. Rubiaceae Tel kurma 10 489 - - T, Ed, Fo, Ae

26 Lagerstroemia parviflora Roxb. Lythraceae Sidha 11 5.89 10 421 T,Fw,Ae

27 Lagerstroemia reginae Roxb. Lythraceae Patali - - 13 5.85 T, Fw, Ae

28 Lannea coromandelica (Houtt.) Anacardiaceae Mai 21 7.88 15 6.78 T, Ed, Fo
Merr.

29 Madhuca latifolia (Roxb.) Sapotaceae Mahula 24 10.9 10 3.73 T, Fw, Ch, Ed, So
A.Chev.

30 Mangifera indica L. Anacardiaceae Amba - - 10 2.43 T, Fw, M, Ed

31 Mitragyna parvifolia (Roxb.)  Rubiaceae Mundi 10 5.76 28 144 T, Fw,
Korth.

32 Morinda coreia Buch.-Ham. Rubiaceae Achu 12 3.52 - - Fw, D,M

33 Nyctanthes arbor-tristis L. Oleaceae Khara khari 11 397 10 441 Fw,M,D

34 Phyllanthus emblica L. Phyllanthaceae ~ Amla 14 8.02 15 3.51 Ed,M,

35 Pterocarpus marsupium Roxb. Fabaceae Bijasal 23 11.59 20 6.47 T, Fw, M, Ae

36 Pterospermum xylocarpum Sterculiaceae Kangada - - 15 39 Fw,M
(Gaertn.) Oken

37 Schleichera oleosa (Lour.) Oken Sapindaceae Kusum - - 33 11.69 T, FW, So, M

38 Schrebera swietenioides Roxb. Oleaceae Makha 20 6.16 20 7.03 T, Fw,

39 Semecarpus anacardium L. f.  Anacardiaceae Bhalia 20 9.19 20 735 T,FW, M,

40 Shorea robusta Roth Dipterocarpaceae Sargi/Shal 272 9431 10 5.22 T, Fw, Lp, Re, Fo,

M,So
41 Spathodea campanulata Beauv. Bignoniaceae Padel - - 3 1.35 Fw, Ch

42 Sterculia urens Roxb. Malvaceae Genduli - - 20 6.31 G Fo
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SI. No Botanical name Family Vernacular SDMDF MDFWS Uses
name D IVI D 1VI
43 Strychnos nux-vomica L. Loganiaceae Kochila - - 10 5.18 Fw,M
44 Syzygium cumini (L.) Skeels Myrtaceae Jamukoli 20 8.04 28 9.51 T,M,Ed,Fo
45 Syzygium heyneanum (Duthie) ~Myrtaceae Pani jamu - - 25 732 Fw
Wall. ex Gamble
46 Terminalia alata Heyne ex Roth Combretaceae Asana 24 10.18 48 16.87 T, Fw
47 Terminalia bellirica (Gaertn.) ~ Combretaceae Bahada - - 13 443 T, Fw, M, Ed
Roxb.
48 Terminalia chebula Retz. Combretaceae Harida 20 8.76 20 797 T,Fw,M, T
49 Vateria indica L. Dipterocarpaceae  Dhoopa 13 8.14 - - Fw, M, Re
Total 756 300 831 300

T-Timber, Fw-Fuel wood, Ed-Edible, Fo-Fodder, Fp-Fish poison, Ch-Charcoal making, Lp-Leaf Plate making, Re-Resin, G-
Gum, So-Seed oil, D-dye



