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ABSTRACT

This study was carried out with intent on the current ecological status of the economically important, yet
locally declining tree species Soymida febrifuga within the Tropical Moist Deciduous Forest of Vyara, South
Gujarat, India. A selective sampling method was employed by laying out sample plots of 20 m × 20 m (400
m²) in total of 18 populations where areas with a good density of mature trees were distributed. The
assessment included species composition, family distribution, Importance Value Index (IVI), natural
regeneration and regeneration classes. Across 18 natural populations, Fabaceae is the most dominant family,
contributing 10 species, which accounts for 27.02 per cent of the total recorded flora. Moreover, S. febrifuga
signifies its ecological importance with higher IVI of 49.41 along with Terminalia tomentosa and Tectona
grandis. Natural regeneration of S. febrifuga was monitored for two years and observed only one population,
P3 recorded natural regeneration with 38 seedlings in the first year and 30 in the second out of three
populations studied. Moreover, regeneration class distribution was predominantly confined to Class I and
Class II with no individuals recorded in Class III and IV.
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Introduction

Soymida febrifuga popularly known as Indian red-
wood is a large deciduous tree native to India and
East Tropical Africa, currently assessed as Least
Concern by the IUCN (2021). In India, it occurs in
dry deciduous and moist forests of central and pen-
insular regions, with scattered populations in
Gujarat (Shah, 1978). Regional overexploitation of

bark has reduced mature populations, leading to its
Near Threatened status in Gujarat (Anon., 2008).
The species is heliophilous, regenerates mainly
through seed but shows poor natural regeneration
due to biotic pressures.

S. febrifuga possesses high wood density of 0.965
g cm-³, confirming its suitability as a durable hard-
wood species (Rajput et al., 1996). The timber is
widely utilized for poles, rafters, beams, furniture,
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carving, turnery and paneling. Its bark is employed
in tanning to produce high-quality leather, while the
gum serves as an effective adhesive, and the red fi-
bers are traditionally used for rope making
(Ashalatha and Thejaswini, 2015). It’s role in eco-
logical stability is significant as it contributes to
canopy structure, biomass accumulation and habitat
support in dry deciduous ecosystems. Indigenous
communities use its bark and other plant parts for
traditional medicine though its scientific validation
remains limited (Singh et al., 2022). Stand structure
analysis offers critical insights into composition, di-
versity, regeneration status and anthropogenic im-
pacts (Hush et al., 2003; Clark, 2010; Yuan et al., 2018:
Manojkumar et al., 2023). Ecologically, Indian red-
wood occurs in mixed deciduous forests with
Terminalia bellirica, Syzygiumcumini, Tamarindus in-
dica, Anogeissuslatifolia and Diospyros melanoxylon
contributing to canopy diversity and carbon seques-
tration (Divakara, 2016; Nandy et al., 2024). Despite
it’s potential, S. febrifuga remains underutilized due
to limited natural distribution, lack of plantation ef-
forts, and low market promotion (Singh et al., 2022).
Hence, the present investigation was undertaken to
evaluate the stand structure and natural regenera-
tion dynamics of S. febrifuga in the tropical moist
deciduous forest to contribute essential baseline
data for developing effective conservation strategies
and sustainable forest management practices for this
ecologically important under utilized lesser known
tree species.

Materials and Methods

The study was carried out in the natural forests of
Vyara Forest Division, South Gujarat. This area is
located in the northern most region of the Western
Ghats, India, situated near the Vansda National
Park and Purna Wildlife Sanctuary (Anon., 2020).
Ecologically, the region is classified as a Slightly
Moist Teak Forest (Forest Type 3B/C1c, Champion
and Seth, 1968). The landscape features lateritic and
deep black soils, with alluvial deposits found along
the Ambica river, and is characterized by gentle to
moderate slopes. The climate is defined by an aver-
age annual rainfall of 1344mm, with temperatures
ranging from a minimum of 6 0C in January to a
maximum of 39 0C in April (Pandya and Yadav,
2014). Eighteen populations of S. febrifuga were se-
lected in the tropical moist deciduous forest of
Vyara, Gujarat, India during 2023-25 where a selec-

tive sampling method was employed using 20 m ×
20 m (400 m²) plots/ quadrats having minimum 3
quadrats in each population for total of 59 quadrats
for stand structure study. Species composition and
Importance Value Index (IVI) were recorded as per
Manojkumar et al.(2023) for each plot.Moreover,
among eighteen populations of S. febrifuga, three
populationswere selected for the assessment of
natural regeneration.Regeneration attributes were
studied by plotting 1 m x 1 m subplot in four cor-
ners: South-East, North-West, North-East, South-
West and a fifth at center of quadrat (Gunaga et al.
2012). Numbers of regenerating individuals in plots
were recorded and expressed in regeneration per
square meter basis. Further, the regenerating indi-
viduals are classified into different regeneration
classes viz., Class-I =seedling height < 40 cm, Class-
II = seedling height 40-100 cm, Class-III = seedling
height > 100 cm with girth < 10 cmand Class-IV =
height > 100 cm with girth 10- 30 cm (Patwardhan et
al., 2017). The stand structure parameters and natu-
ral regeneration of the forest were examined
through descriptive statistical analyses.

Results and Discussion

Species composition

In the present study, a total of 952 tree individuals
belonging to 37 species, 33 genera and 22 families
were recorded in the studied area. These plants be-
long to familiesAnacardiaceae, Annonaceae,
Apocynaceae, Bignoniaceae, Burseraceae,
Caesalpiniaceae, Combretaceae, Cornaceae,
Ebenaceae, Fabaceae, Lamiaceae, Malvaceae,
Meliaceae, Mimosaceae, Orchidaceae,
Phyllanthaceae, Rhamnaceae, Rubiaceae, Salicaceae,
Sapindaceae, Sapotaceae and Ulmaceae (Fig. 1). In
the floristic composition family Fabaceae emerged
as the most dominant, contributing 10 species,
which accounts for 27.02 per cent of the total re-
corded flora. It was followed by Combretaceae, with
3 species (8.11%), while Anacardiaceae, Lamiaceae,
Malvaceae and Rubiaceae each represented by 2
species, representing 5.41 per cent. The remaining 16
families viz., Annonaceae, Apocynaceae,
Bignoniaceae, Burseraceae, Caesalpiniaceae,
Cornaceae, Ebenaceae, Meliaceae, Mimosaceae,
Orchidaceae, Phyllanthaceae, Rhamnaceae,
Salicaceae, Sapindaceae, Sapotaceae and Ulmaceae
represented by a single species, representing 2.70
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per cent each. This pattern indicates Fabaceae found
to be a dominant family followed by Combretaceae,
Anacardiaceae, Lamiaceae, Malvaceae and
Rubiaceae. Such type of distribution suggests, the
forest area supports a diverse range of families,
though there is an uneven representation of species
composition. Behera et al. (2025) reported total 344
individuals belonging to 42 species, 34 genera and
22 families in the deciduous forest of Vyara Forest
Division, Gujarat, India. Most of the tree species
were common in floristic composition by looking
into the present trial findings. Furthermore, similar
findings is also documented in different forests
across India such as Wani et al. (2022) in the Daksum
range of Anantnag forest division;Pilania et al. (2015)
in tropical dry deciduous forest  of Panchmahal,
Gujarat; Yadav et al. (2020) in the tropical dry de-
ciduous forest of Gujarat;Joshi and Dhyani (2018) in
the tropical dry deciduous forests of the
Vindhyanchal hill region of Madhya Pradesh;
Akash et al. (2018) in the sub-tropical forest, North-
ern India; Ganguli et al. (2016) in tropical dry de-
ciduous forest of West Bengal; Pradhan (2023) in
moist tropical forests of West Bengal;Kumar et al.
(2020) in the tropical dry deciduous forest of West
Bengal.

Stand structure of S. febrifuga

The principal attributes of stand structure, including
density, frequency, basal area and the Importance
Value Index (IVI), exhibit considerable variation
among forests depending on their geo-climatic con-
ditions. Moreover, the establishment, growth, devel-
opment and spatial distribution of tree species are

governed by the interactive influence of various site
factors such as climatic, edaphic, topographic and
biotic components (Dwivedi, 1993, Khanna, 2009).
The Importance Value Index (IVI) ranged from 0.66
to 49.41. S. febrifuga exhibited the highest IVI (49.41)
reflecting its ecological dominance (Fig. 2). Among
associated species, T. tomentosa (35.17), T. grandis
(28.53), M. parvifolia (20.30), G. pinnata (17.36) and W.
tinctoria (17.28) recorded comparatively higher IVI.
Manojkumaret al. (2023) reported maximum IVI
value for D. lanceolaria (108.31) for Dalbergia
lanceolaria in Unai range of Vyara forest division,
Vyara. A study conducted by Joshi and Dhyani
(2018) in the tropical dry deciduous forests of the
Vindhyanchal hill region of Madhya Pradesh, re-
corded S. febrifuga IVI (7.19) in the Waidhan range,
whereas in the Chitrangi range it was 10.27.Study
conducted by Akash et al. (2018) in the Rajaji tiger
reserve (sub-tropical forest) showed Holoptelia
integrifolia, Dalbergia sissoo, Shorea robusta, Cassia fis-
tula and Trewianudiflora were recorded with rela-
tively higher IVI values. Same kind of inference was
also reported in different forests of India by Naidu
and Kumar (2016) in tropical deciduous forest of
North Central Eastern Ghat, Ganguli et al. (2016) in
tropical dry deciduous forest of West Bengal.

Natural regeneration

The natural regeneration of S. febrifuga was con-
ducted over nine quadrates (1/m ×/1/m) distrib-
uted across three populations (P3, P12 and P16) for

Fig. 1. Representation of tree species in percentage of dif-
ferent families in the tropical moist deciduous for-
est

Fig. 2. Importance value index (IVI) of S. febrifuga and its
associated tree species in the studied populations
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two consecutive years (2023 and 2024). In
the first year, population P3 alone exhibited
regeneration with 38 recruits than other
populations (Table 1). However, no regen-
eration was observed in P12 and P16. In the
second year, lesser regeneration was noted
in P3, with 30 recruit which contributing
mean of 6.0 seedlings per quadrate. Simi-
larly, no regeneration was recorded in P12
and P16 suggesting a species-specific regen-
eration constraint in different population
and scope for germination study. These ob-
servations indicate reduction in seedling
density over time and highlight the vari-
ability in natural regeneration success
among populations and microsites.

Direction-wise analysis of regeneration
within the 1/m ×/1/m plots revealed spa-
tial variation across the five directions:
South-East, North-West, North-East, South-
West and Central plot. In the first year
(2023), the highest seedling count was re-
corded in the North-East plot (9 seedlings),
followed closely by the South-East plot (6),
South-West plot (8), North-west plot (7)
and Central plot (8), suggesting a relatively
uniform distribution with slight directional
dominance. The mean regeneration per di-
rection ranged from 0.67 (South-East plot)
to 1.00 (North-East plot), indicating favor-
able microhabitat conditions in the eastern
plots. However, in the second year (2024), a
decline in regeneration was observed across
all directions, with the East and North re-
cording 7 and 5 seedlings, respectively and
the lowest regeneration was observed in the
Centre (5 seedlings). The corresponding
mean values also declined from North-East,
South-East to North-West and central plots.
These results suggest temporal decline and
microsite variability, especially light avail-
ability, litter accumulation, soil moisture
and competition from herbaceous flora etc.,
influenced on regeneration.

There was a very scanty regeneration in
the studied area thus, the only survived re-
generations in the summer and from other
threats over a period of time was counted.
However, current study also follows the
same trend of regeneration with respect to
distance from the tree as by Bhagora (2017) T
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in Miliusa tomentosa and Gunaga et al. (2012) in
Terminalia chebula. Several studies across different
forest stands in India have reported varying levels
of regeneration, ranging from good to poor (Maliket
al., 2021; Maletha et al., 2021, Das et al., 2021, Lahiri
and Dash, 2021). Natural regeneration is influenced
by multiple interacting factors, including phenologi-
cal behaviour, site characteristics and germination
conditions such as soil moisture, aeration and tem-
perature. Additional influences include seed quality
parameters (fertility, viability, dormancy), genetic
variability and human-induced disturbances (Rizvi,
2020, Reddy and Ugle, 2008).

Regeneration class distribution revealed, indi-
viduals were predominantly confined to Class I
(height < 40 cm) and Class II (height 40-100 cm),
with no individuals recorded in Class III and IV (Fig.
3). The findings further revealed that natural regen-
eration was limited to the lower classes and no pole
stage regeneration was observed in the study site,
highlighting the lack of recruitment into higher
growth stages. These results point towards the ne-
cessity of adopting appropriate conservation and
management practices to improve survival and fa-
cilitate the progression of seedlings into advanced
stages of growth.

grandis.   However, natural regeneration was re-
stricted to only one population (P3) indicating poor
recruitment and raising concerns about its natural
regeneration dynamics. This highlights the urgent
need for conservation strategies and silvicultural
interventions to ensure its long-term sustainability.
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