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Background: Increasing land demands for food production have led to biodiversity loss
and land degradation in the Madhupur Sal forest. Reforestation activities such as agroforestry and woodlot plantation support the conservation of diversity, restoration of forest
and prevention of soil erosion in degraded natural Sal forest. Knowing about these reforestation activities, this study is needed to compare the species composition, richness, and
soil nutrients of these two plantation activities to the natural Sal forest in the degraded
Madhupur Sal forest in Bangladesh.
Results: The analysis showed that in between the reforestation activities, the highest Shannon-Wiener index (1.79), evenness (0.60) and Simpson’s index (0.79) were found in the
agroforestry site compared to the woodlot plantation site. On the contrary, the highest
species richness (n = 14), tree basal area (19.56 m2 ha−1), Margalef’s index (1.96) were recorded in woodlot plantation than in the agroforestry site. We observed that at 0–15 cm
depth, soil organic matter (2.39%), total nitrogen (0.14%), available phosphorous (62.67 µg
g−1) and exchangeable potassium (0.36 meq/100 g) in agroforestry plots were significantly
higher compared to other forest sites. At topsoil (15–30 cm depth), soil organic matter
(1.67%) and available phosphorous (21.09 µg g−1) were found to be higher in agroforestry
site.
Conclusions: Both reforestation approaches improved soil function, although woodlot
plantation had the higher species richness. Therefore, plantation activities by the sustainable implementation of these two practices are the best alternative to restore the biodiversity, richness and conserve soil fertility in the Madhupur Sal forest of Bangladesh.
Keywords: deciduous forest, dendrogram, reforestation program, Shannon-Wiener index, soil nutrient status, species richness

Introduction
The moist deciduous Sal (Shorea robusta ) forests are
Bangladesh’s greatest biodiverse and ecologically significant natural forests. The inland Sal forest area is 120,000
ha, out of which the central region accounts for 86%,
whereas the northern part only accounts for 14% (Bangladesh Forest Department 2017; Hasan et al. 2020). The large
belt of Sal forest lies in the districts of greater Dhaka, Mymensingh and Tangail, known as the “Madhupur Tract”
consisting of Madhupur and Bhawal Garh (Rahman and
Vacik 2010) that exhibits the distinct characteristics of
Bangladesh’s Sal forest. It showed about 36% of the original
Sal forest cover was existed in 1985 (Masum et al. 2016)
and the remaining was in jeopardy (Alam et al. 2008). The
area of Madhupur Sal forest was 24,150 ha (Khan and Na-

her 2020), but the forest has shrunk to 18,235 ha. Previous
studies of floral compositions indicated that Madhupur Sal
forest had the richest plant diversity (tree, shrub, climbers
and herb) (Alam 1995; Malaker et al. 2010; Rahman et al.
2009). Until the early 20th century, Madhupur Sal forest
was a biodiversity hotspot, but rapid human pressure has
caused them the most vulnerable habitat for f lora and
wildlife. People living in forest are depleting its natural resources and encroaching on it or taking it over, causing a
rapid change in the forest’s land-use pattern (Gain 2002;
Rahman et al. 2009; Rahman et al. 2010). Notably, local
communities heavily rely on these forest ecosystems for
their livelihood, resulting to worrisome biodiversity losses.
Thus, large expanses of forestland are being converted to
agricultural fields for high-demand farm crops in Madhupur Sal Forest (Islam et al. 2019).
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Viewing the purposes of conservation and safeguard of
natural Sal forest, the Bangladesh Forest Department has
implemented numerous forest management and conservation approaches. As part of conservation strategies, the
Government declared Madhupur Sal Forest as National
Park (area 8,436 ha) in 1962 to conserve forest genetic resources. In 1989, the Forest Department introduced participatory forestry programs -woodlot and agroforestry under
Thana Afforestation and Nursery Development project in
Sal forests (Alam et al. 2008; Rana et al. 2007; Salam and
Noguchi 2005). Considering success rate, agroforestry and
woodlot plantations were suggested for the degraded Sal
forests as part of the Forestry Sector Project, which was
launched between 1997 to 2004 (Alam et al. 2008). To protect biodiversity, the Forest Department had also implemented Sal coppice management, protected area management, and buffer zone management strategies. However,
some of these initiatives fell short, and forest encroachment
persisted (Local Forest Office 2013). But woodlot and agroforestry activities were still practiced as reforestation approaches on encroached forestlands. Many authors regard
agroforestry and woodlot management crucial for sustainable Sal forest development and maintenance (Bangladesh
Forest Department 2017; Islam et al. 2013; Rana et al. 2007;
Salam and Noguchi 2005).
Participatory forestry programs are considered an economically viable program to manage disrupted Madhupur
Sal forest in Bangladesh. Local farmers are cultivating agronomic crops alongside multipurpose trees (fruit, timber,
fuel and medicinal species) on government-owned degraded land under these practices. These programs have proved
successful (Muhammed et al. 2008) and become very productive for forest biodiversity conservation in the Madhupur Sal forest region (Islam et al. 2022). The participatory
programs have restored forest diversity and soil degradation by reinstating soil fertility and planting practices (Islam et al. 2012; Roy et al. 2014). While conventional forest
management led to a gross loss of forest cover, participatory forestry extends the vegetation cover and reconciles ecological factors. Paudel et al. (2021) mentioned that participatory forestry approaches met the objectives of forest
conservation on sustainable basis in Nepal. Zheng et al.
(2008) found that reforestation activities significantly affected plant structure and soil erosion in Southern China’s
hilly forest area. In a nutshell, reforestation approaches are
vital for protecting biodiversity, ecological balance, soil
conservation in degraded tropical moist deciduous forests
in Bangladesh and globally.
The existing literature of Madhupur Sal forest has focused on the role of participatory forestry program for
community development (Islam 2019; Islam and Sato
2012). Previously, several studies were carried out on the
species composition, biodiversity and soil nutrients of
agroforestry practices compared to natural forests in many

parts of Bangladesh and India (Chowdhury et al. 2022; Kibria and Saha 2011; Nandy and Das 2013). To the best of
our knowledge, no large scale investigation of the impacts
of reforestation activities on plant community, diversity
and soil quality in deforested area in Bangladesh has been
conducted. There is still a research void to what extent the
reforestation activities have impacted plant composition,
diversity and soil nutrients in the degraded Sal forest.
Thus, the study had two goals: first, to explore tree stand
community, diversity and soil properties of reforestation
activities like agroforestry and woodlot plantations in the
degraded natural Sal forest in Madhupur; second, to compare the effects of these reforestation activities with natural
forest in terms of the stand community, diversity and soil
properties in the Madhupur Sal forest.
This study helps policymakers understand which reforestation activities work best to restore biodiversity and
conserve soil in tropical moist deciduous forests. This
study also provides scientific information on the significant effects of reforestation approaches and management
practices; soil fertility improvement, ecosystem services,
development of plant community and carbon sequestration
in the degraded forest in Bangladesh. Thus, it helps to
build forest policies to reduce deforestation and land degradation in the depleted Sal forestland of Bangladesh.

Materials and Methods
Study area

The study was done in the Madhupur Sal forest, which
officially comprises portions of the Tangail and Mymensingh districts of Bangladesh. The Madhupur Sal forest is
located between 23° 50 and 24° 50’ N and 89° 54 to 90° 50’ E
(Fig. 1). The participatory agroforestry program was implanted in the four ranges (sub-divisions) of Tangail district and the Rasulpur range of Mymensingh forest division. The study selected three ranges: Dhokola, Auronkolaa,
and Rasulpur ranges, because these areas are mostly encroached and hold reforestation activities to manage deforestation.

Description of the woodlot and agroforestry
program

The woodlot and agroforestry plantation schemes were
successfully implemented in the Madhupur Sal forest. Participants can continue for up to 30 years with both programs if they meet program criteria. The Future Tree
Farming Fund received 10% of the tree outputs, while the
Forest Department received 45%. Participants do not have
to share the crop benefit if they plant crops with trees
during the program cycle. Each participant in both programs got 1 ha of degraded forest land for a 10-year woodlot planting cycle. The Forest Department (FD) selected the
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Fig. 1 Forest map of Bangladesh showing the selected study areas of Madhupur Sal forest under (A) Tangail and (B) Mymensingh forest
division.

fast-growing tree species (akashmoni, hybrid, eucalyptus,
gamar, mahagony etc.) under the woodlot plantation (2,500
trees ha−1) by 2 m × 2 m model where tree species were
planted with a row to row and plant to plant spacing of 2 m ×
2 m. In case of agroforestry, the FD suggested the tree species of akashmoni, bokain, mangium, goraneem, horitoki,
bohera, agar etc. for plantation in the plots. In 2 m × 2 m
model, first 4 m2 areas of land were utilized for tree plantations (750 trees ha−1) while the next 20 m areas were kept
for agricultural crops such as herbaceous plants (pineapple,
banana, papaya, ginger, turmeric, aroid etc.). Following the
crop zone, a tree zone of 4 m2 was set aside, and this process was repeated until the agroforestry plot was entirely
filled. After four years of establishment of woodlot plantation, half of the remaining trees were thinned, and the
process was repeated after seven years. But in agroforestry,
only 50% of the thinning was done in the seventh year of
the cycle. After a 10-year cycle, the remaining trees have
been harvested and the benefits shared in the woodlot
projects.

Design of sampling and plot measurement

The study sites are divided based on participatory forestry and/or reforestation activities into three sites, viz; agroforestry site (AF), woodlot plantation (WL) and natural Sal
forest site (NSF), which are considered as the treatment of
the study. This study dealt with sampling frames. A total
of 180 quadrate plots from the selected ranges were measured following random sampling. Of which 120 plots are
participants’ plots (4 to 10 years old aged tree species of
agroforestry and woodlot plantation site) and 60 plots (different aged tree species) in the natural Sal forest site. The
area of each quadrate plot was 100 m2 and was used for the
investigation of mature trees (≥ 5 cm diameter at breast
height [DBH]). Within each quadrate plot, tree species parameters like the name of tree species, the number of tree
species, tree basal girth were recorded through forest inventory. The girth at breast height of all the trees was measured at 1.37 m. A Suunto Clinometer was used to measure
the total height of all trees. At the same time, a total of 180
soil samples were separately collected from each of both
0–15 cm and 15–30 cm soil depths from the study sites to
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analyze soil nutrient status.

Data analysis
Ecological parameters of tree species at three sites
The field data was assessed for number of species and
quantitative analysis of frequency; density per ha (Shukla

and Chandel 2000) and basal area per ha (Chowdhury et
al. 2019; Shukla and Chandel 2000) and their relative values were calculated and summed to get importance value
index (IVI). Relative density and frequency (Dallmeier et
al. 1992; Misra 1968); relative dominance (Chowdhury et
al. 2019) were calculated for quantitative analysis of tree
species in the study area. The following diversity indices

Table 1 List of identified tree species of the study area in the Madhupur Sal forest
Serial no.

Local name

Scientific name

Family

Inhabit

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Agar
Akashmoni
Amloki
Amra
Arjun
Ashwatha
Azuli
Bhutum
Bohera
Bolla gota, Bohal
Bonamra
Bot
Chalta
Chapalish
Chokakola
Debdaru
Gadila, Kumvi
Gamar
Garjan
Guava
Goraneem
Hybrid
Jackfruit
Jagya dumur
Jarul
Jiga
Jam
Joina
Kadam
Kaika, haldu
Kanchon
Kharajora
Khulla damor
Litchi
Lohakath
Mahogany
Mander
Mango
Neem
Neul
Ojha
Pitraj
Sal
Sheora
Shidai
Sinduri
Silkoroi
Sonalu
Teak/ Segun

Aquilaria agallocha
Acacia auriculiformis
Phyllanthus emblica
Spondias mombin
Terminalia arjuna
Ficus religiosa
Dillenia pentagyna
Hymenodictyon excelsum
Terminalia bellirica
Cordia dichotoma
Spondias pinnata
Ficus benghalensis
Dillenia indica
Artocarpus chaplasa
Bauhinia malabarica
Polyalthia longifolia
Careya arborea
Gmelina arborea
Dipterocarpus turbinatus
Psidium guajava
Melia azedarach
Acacia hybrid
Artocarpus heterophyllus
Ficus racemosa
Lagerstroemia speciosa
Lamnea coromandelica
Syzygium cumini
Schleichera oleosa
Anthocephalus chinensis
Haldina cordifolia
Bauhinia variegata
Litsea glutinosa
Grewia serrulata
Litchi chinensis
Xylia xylocarpa
Swietenia mahogany
Erythrina variegata
Mangifera indica
Azadirachta indica
Bursera serrate
Cryptocarya amygdalina
Aphanamixis polystachya
Shorea robusta
Streblus asper
Lagerstroemia parviflora
Mallotus philippensis
Albizia procera
Cassia fistula
Tectona grandis

Thymelaeaceae
Mimosaceae
Euphorbiaceae
Anacardiaceae
Combretaceae
Moraceae
Dilleniaceae
Rubiaceae
Combretaceae
Boraginaceae
Anacardiaceae
Moraceae
Dilleniaceae
Moraceae
Caesalpiniaceae
Annonaceae
Lecythidaceae
Lamiaceae
Dipterocarpaceae
Myrtaceae
Meliaceae
Fabaceae
Moraceae
Moraceae
Lythraceae
Burseraceae
Myrtaceae
Sapindaceae
Rubiaceace
Rubiaceace
Fabaceae
Lauraceae
Tiliaceae
Sapindaceae
Mimosaceae
Meliaceae
Fabaceae
Anacardiaceae
Meliaceae
Burseraceae
Lauraceae
Mimosaceae
Dipterocarpaceae
Moraceae
Lythraceae
Euphorbiaceae
Mimosaceae
Caesalpiniaceae
Lamiaceae

WL, AF
WL, AF
NSF
WL
NSF
NSF
NSF
NSF
NSF
NSF
NSF
NSF
WL
AF, NSF
NSF
NSF
NSF
WL
NSF
AF
WL
WL, AF
WL, AF
NSF
WL, NSF
NSF
NSF
NSF
WL
NSF
NSF
NSF
NSF
AF
NSF
AF, WL
NSF
AF, WL
WL
NSF
NSF
NSF
NSF
NSF
NSF
NSF
NSF
NSF
AF, WL

AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest site.
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were also calculated: species richness, Shannon–Wiener diversity index (Shannon and Wiener 1963), Simpson’s index
(Simpson 1949), Margalef ’s index (Margalef 1958); Evenness (Magurran 1988) and Similarity index (Jaccard 1912).
The abundance-to-frequency ratio explained the species’
distribution pattern (Whitford 1949) and total tree species
in different sample sizes were used to create species–area
curves (Rahman et al. 2009).

Chemical analysis of soil samples
Soil samples were prepared and analyzed at the Soil Resources Development Institute. The pH of the soil was tested using a glass electrode pH meter. The wet oxidation
technique was used to determine organic carbon (Walkley
and Black 1934). The organic matter was then determined
by multiplying the organic carbon content by the Van Bemmelen factor of 1.73. The micro-Kjeldahl technique was
used to quantify total nitrogen (Jackson 1958). The available phosphorus in soil samples were determined by extracting the soil with 0.5 M NaHCO3 solution having pH
8.5 following Bray and Kurtz method as described by Jackson (1958). The 1N NH4OAc extract technique was used to
determine exchangeable K using a flame photometer (Page
et al. 1982).
Statistical analysis of data
All data from different sources were tabulated and evaluated separately. All the graphs were created using Microsoft Excel (Microsoft corporation, Washington DC, USA)
and Minitab 19 (LLC, State College, PA, USA). PAST (version 4.08) was used to create a hierarchical cluster dendrogram and calculate biodiversity indices. R statistical program (3.6.3) was used for descriptive analysis (minimum,
maximum, median, quartiles values) of all soil samples (n =
180 for each soil depth) and presented as boxplots. Significance differences of mean were adjusted statistically according to Tukey’s HSD test (One-way ANOVA) at p = 0.05
using same statistical program.

Results
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ural forest site than other two plantation sites (Fig. 2). In
between the participatory activities, we recorded the highest basal area (19.56 m2 ha−1) in woodlot plantation and the
lowest basal area (12.1 m2 ha−1) in agroforestry site (Fig. 2).

Diameter at breast height (cm) class
The highest number of tree species in agroforestry and
woodlot plantation site ranged from DBH of 11–15 cm
which was followed by the DBH range of 6–10 cm (Fig.
3A). It was noted the highest number of tree species in natural Sal forest ranged from DBH of 21–25 cm and that the
larger trees (DBH > 25 cm) were found only in the natural
Sal forest site (Fig. 3A).
Height (m) class
The tree height distributions were typical in all the three
forest sites. Agroforestry site had shorter tree species (< 15 m),
while woodlot plantation and natural Sal forest site had
taller trees (Fig. 3B). Naturalness increases the proportion
of taller trees, but protection level seems not to have an influence on tree height.

Species composition analysis of trees at three
forest sites in the study area
Cluster analysis
A hierarchical cluster dendrogram was constructed
which depicted the distribution of identified number of
tree individuals across all study’s sample plots (Fig. 4). The
data matrix contained 180 plots and 49 tree species. Three
sites were differentiated from each other based on their
number of individuals (Fig. 4).
Species area curve
Species-area curves showed that the number of sample
plots captured the available tree species in the study area.
The maximum number of tree species was captured at all
the plots of natural Sal forest site because of highest species
richness (n = 34) (Fig. 5). In natural Sal forest site, the
number of tree species continued to increase in up to 50

Identification of tree species in the study area

We recorded a total of 49 tree species from three sites in
the study area in Madhupur Sal forest (Table 1). From the
result, it represented different tree species identified in the
study area and also described the tree species name with
their scientific name, family name and inhabit (Table 1).

Community structure of tree species based on
Basal area (m2 ha−1), DBH (cm) and Height (m) class
Basal area (m 2 ha−1)
The highest basal area (24.57 m2 ha−1) was found in nat-

Fig. 2 Bar diagram showing the basal area (m2 ha−1) of tree species at three forest sites in the study area. AF: agroforestry site; WL:
woodlot plantation site; NSF: natural Sal forest site.
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Fig. 3 Distribution of number of
trees based on (A) DBH class (cm)
and (B) Height class (m) of three
forest sites in the study area. DBH:
diameter at breast height; AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest site.

Fig. 4 Dendrogram showing the
number of tree species of sample plots
in three forest sites of the study area.

plots, in woodlot plantation site only a small number of additional plant species were identified after 30 plots (Fig. 5).

Relative frequency, relative density, relative dominance
and important value index
From the result, it has been found that in the agroforest-
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Fig. 5 Species-area curves showing the number of tree species
for study plots in the study area. AF: agroforestry site; WL: woodlot
plantation site; NSF: natural Sal forest site.

ry site, the highest relative density was represented by Acacia auriculiformis (32.67%) followed by Aquilaria malaccensis (21.51%), Mangifera indica (19.92%), Acacia hybrid
(7.57%), Psidium guajava (6.37%) and also in the woodlot
plantation site, the highest relative density were represented by Acacia auriculiformis (51.54%) followed by Anthocephalus chinensis (9.09%), Acacia hybrid (6.27%), Aquilaria malaccensis (3.47%), Lagerstroemia speciosa (5.21%)
(Table 2). In the natural Sal forest site, the highest relative
density was represented by Shorea robusta (65.89 %) followed by Dipterocarpus turbinatus (3.10%), Bursera serrata
(3.10%), Bauhinia variegata (2.58%), Dillenia pentagyna
(2.45%) (Table 2).
In the agroforestry site species with the highest relative
frequency was found in Acacia auriculiformis (32.91%) followed by Mangifera indica (16.45%), Aquilaria malaccensis
(15.19%) and the lowest relative frequency was found in the
species of Litchi chinensis (3.79%). Whereas in the woodlot
plantation site, relative frequency was found maximum in
Acacia auriculiformis (34.65%) followed by Acacia hybrid
(12.87%) and Swietenia mahogany (11.88%) (Table 2). In
the natural Sal forest site species, Shorea robusta was dominant species with relative frequency (25.75%) followed by
Mallotus philippensis (6.87%) and Bauhinia variegata
(6.0%) (Table 2).
In agroforestry site, the result depicted that species with
the highest relative dominance was found in Acacia auriculiformis (31.29%) followed by Aquilaria malaccensis
(19.41%) and then by Mangifera indica (19.39%) and the
lowest relative dominance was found in the species of Artocarpus heterophyllus (2.43%). Whereas in the woodlot
plantation site species with the highest relative dominance
was found in Acacia auriculiformis (39.96%) and the lowest
relative dominance was found in the species of Dillenia indica (0.18%) followed by Spondias momdin (0.63%). In the
other, from the natural Sal forest site, it was observed that
the highest relative dominance 59.01% which was found
from Shorea robusta followed by Ficus benghalensis (10.34%).
In the other hand the lowest relative dominance was found
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in Albizia procera and which was (0.05%) (Table 2).
After calculation of relative frequency, relative density
and relative dominance in the agroforestry site, the highest
IVI (96.86%) was found in the species of Acacia auriculiformis and the second-highest IVI in Aquilaria malaccensis (56.11%) followed by Mangifera indica (55.77%). Whereas in the woodlot plantation site, IVI was maximum in
Acacia auriculiformis (126.15%) followed by Swietenia mahogany (38.90%), Acacia spp. (29.84%) and the lowest was
found in Dillenia indica (1.57%) (Table 2). In the natural
Sal forest site, the highest IVI (150.65%) was found in the
species of Shorea robusta followed by Terminalia bellirica
(13.30%), Mallotus philippensis (10.92%) and Bursera serrata (10.01%). The lowest IVI was found in Albiia procera
(0.61%) (Table 2).

Diversity analysis of tree species community at
three forest sites
Taxonomic composition of tree species
In agroforestry site, we found 10 tree species belonging
to 9 genera and 8 families. Similarly, in woodlot plantation
site, we recorded 14 tree species (13 genera and 11 families)
and 34 tree species (29 genera and 21 families) from natural Sal forest site in the study area (Table 3).
Species richness, species overlapping, similarity index
and distribution pattern (%)
We observed that the highest species richness (n = 34)
was recorded in the natural Sal forest site (Table 3). But in
between the reforestation activities, the highest species
richness (n = 14) was found in the woodlot plantation site
than agroforestry site. The highest overlapping species (n =
6) were found in between agroforestry and woodlot followed by the similarity index in between agroforestry and
natural Sal forest site (Table 3). Accordingly, the higher
similarity index (41%) was found in agroforestry and
woodlot plantation site than the agroforestry and natural
Sal forest site. Most tree species (94%–100%) in the natural
forest along two plantation activities had a contagious/
clumped distribution pattern (Table 3), with only a few
species having random distribution. The higher contagious
distribution revealed that the most species having a low
frequency.

Diversity indices (Shannon-Wiener index,
Simpson index, Species evenness)

The highest Shannon-Wiener index (1.79) was found in
agroforestry site and the lowest Shannon-Wiener (1.72) was
recorded in woodlot plantation site followed by natural Sal
forest site (Table 4). The highest Simpson index of the tree
was found in the agroforestry site (0.79) followed by the
woodlot plantation site (0.70) which was higher than the
Simpson index of the natural Sal forest site (0.56) (Table 4).
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Table 2 Relative density, relative frequency, relative dominance and important value index (IVI) of the enlisted tree species of all three sites
Scientific name of
tree species

Acacia auriculiformis
Acacia hybrid
Albizia procera
Anthocephalus chinensis
Aphanamixis polystachya
Aquilaria malaccensis
Artocarpus chaplasa
Artocarpus heterophyllus
Azadirachta indica
Bauhinia malabarica
Bauhinia variegata
Bursera serrata
Cordia dichotoma
Cryptocarya amygdalina
Dillenia indica
Dillenia pentagyna
Dipterocarpus turbinatus
Erythrina variegata
Ficus benghalensis
Ficus racemosa
Ficus religiosa
Careya arborea
Gmelina arborea
Grewia serrulata
Haldina cordifolia
Hymenodictyon excelsum
Lagerstroemia parviflora
Lagerstroemia speciosa
Lamnea coromandelica
Litchi chinensis
Litsea glutinosa
Mangifera indica
Mallotus philippensis
Melia azedarach
Phyllanthus emblica
Polyalthia longifolia
Psidium guajava
Schleichera oleosa
Shorea robusta
Spondias momdin
Spondias pinnata
Streblus asper
Syzygium cumini
Swietenia mahogany
Terminalia arjuna
Terminalia bellirica
Xylia xylocarpa
Cassia fistula
Tectona grandis

Relative
density (%Rd)

Relative
frequency (%Rf)

Relative
dominance (%Rdo)

IVI

AF

WL

NSF

AF

WL

NSF

AF

WL

NSF

AF

WL

NSF

32.67
7.57
21.51

51.54
6.27
9.09
3.47

0.13
1.03

32.91
12.66
15.19

34.65
12.87
9.90
1.98

0.43
1.72

31.29
10.47
19.41

39.96
10.69
9.09
3.11

0.05
0.22

96.86
30.69
56.11

126.15
29.84
28.07
8.56

1.39
3.78

1.74
3.60
0.40
2.94
5.21
2.44
0.27
2.08
14.15
1.34

5.06
3.79
16.45
6.33
1.26

5.94
6.93
0.99
5.94
3.96
1.92
0.99
0.96
11.88
3.96

2.43
7.36
19.39
7.36
0.85

2.28
5.63
0.18
4.16
9.51
3.73
0.63
2.01
12.86
1.88

8.88
14.94
55.77
20.06
2.51

9.96
16.16
1.57
13.04
18.67
8.09
1.88
5.05
38.90
7.18

0.61
2.97
6.94
3.99
2.37
9.44
10.01
2.24
3.87
9.66
7.87
2.63
11.45
3.53
4.01
2.01
2.94
0.62
3.92
5.34
4.66
5.45

19.92
6.37
0.40

1.94
1.16
0.39
2.58
3.10
0.39
1.29
2.45
3.10
0.64
0.26
0.52
0.13
0.52
0.77
0.13
0.52
1.29
1.30
1.03
0.13
2.97
0.38
0.39
0.64
65.89
1.42
0.52
0.13
2.19
0.39
0.26
-

3.43
2.14
1.28
6.00
4.72
1.28
2.15
4.72
3.43
1.72
0.86
1.72
0.43
1.28
1.72
0.43
1.72
2.57
3.00
3.43
0.43
6.87
0.86
0.87
1.72
25.75
3.86
1.29
0.43
6.01
0.86
0.86
-

1.57
0.67
0.69
0.84
2.19
0.56
0.43
2.48
1.34
0.27
10.34
1.29
3.45
0.21
0.44
0.07
1.68
1.47
0.37
0.99
0.09
1.08
0.06
0.58
0.49
59.01
0.87
0.11
0.42
5.09
0.46
0.06
-

0.65
10.92
1.30
1.83
2.86
150.65
6.15
1.91
0.98
13.30
1.70
1.18
-

AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest site; -: indicates absent.

The species evenness of agroforestry site (0.60) was found
higher than both of natural Sal forest (0.26) and woodlot
plantation site (0.39) (Table 4). But Margalef’s index of natural Sal forest site (4.96) was the higher than other two

plantation activities in the study area.

Soil properties of three forest sites

The result of descriptive analysis (minimum, maximum,
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Table 3 Species richness, overlapping, similarity index and distribution pattern (%) of tree species in three forest sites of the study area
Taxonomic parameters

AF

WL

NSF

AF–WL

AF–NSF

WL–NSF

Number of species/ richness
Number of families
Number of genera
Species overlapping
Similarity index
Distribution pattern (%)
Contagious
Regular
Random

10
8
9
-

14
11
13
-

34
21
29
-

7
0.41

1
0.02

1
0.02

100
-

100
-

94.11
5.89

-

-

-

AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest site; -: indicates absent.

Table 4 Diversity indices of the recorded tree species in the three
sites of study area
Diversity indices

AF

WL

NSF

Shannon-Wiener
Simpson index
Evenness
Margalef’s index

1.79
0.79
0.60
1.44

1.72
0.70
0.39
1.96

1.73
0.56
0.26
4.96

AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest
site.

median, quartiles values) of all soil samples across three
forest sites were shown in Figure 5. There was marked
variability in levels of all the studied parameters with frequent outlier data (Fig. 6). We observed that at 0–15 cm
soil depth, organic matter of soil was signiﬁcantly higher
in the natural Sal forest plots (2.47%) which is statistically
similar to agroforestry plots (2.39%) than in woodlot plantations (2.06%) (Table 5). On the other hand, at 15–30 cm
soil depth, organic matter content (1.67%) was higher in
agroforestry site than in woodlot plantation site (1.58%)
and natural Sal forest site (1.37%) in natural Sal forest site
(Table 5). However, available P was signiﬁcantly higher in
agroforestry plots (62.67 µ g g−1 and 30.40 µ g g−1) at both
soil depth relative to the other two forest types. No signiﬁcant diﬀerences in exchangeable K was found among the
three forest sites. The highest exchangeable K was in agroforestry site plots (0.36 meq/100 g), followed by the woodlot plantations (0.32 meq/100 g) and the natural Sal forest
site (0.33 meq/100 g) at 0–15 cm soil depth (Table 5). But at
15–30 cm soil depth, the highest exchangeable potassium
content (0.31 meq/100 g) was recorded in natural Sal forest
site whereas exchangeable potassium content (0.24 meq/100
g) was found in agroforestry site.

Discussion
Tree species structure, composition and diversity
of three forest sites

The present study revealed that the highest basal area
(m2 ha−1) of tree species was found in natural Sal forest site.

Similar result was found by Majumdar et al. (2014) where
they recorded 16.36 m2 ha−1 of basal area in the natural forest site. The Sal forest is an old forest where trees have been
grown for a long time. So, the natural Sal forest has a larger
basal area than the plantation Sal forest. In the natural Sal
forest site, trees are grown naturally and very young to giant trees are grown there without disturbing others. Whereas in the agroforestry and woodlot plantation, trees are
felled off after a certain period of time and very young to
medium trees are found there. Khan et al. (2011) recorded
a very small number of trees in large-sized classes (50 cm
to 70 cm dbh) Majumdar et al. (2014) reported the highest
stem dispersion (> 50%) in young tree species (10–30 cm
girth).
The highest IVI was also found for Shorea robusta under
natural forest site but in agroforestry site, the highest IVI
was also found for Acacia auriculiformis (96.86%). About
70%–75% of the trees in Madhupur Sal forests are Sal and
highest IVI was also found in Shorea robusta (40.87) species (Malaker et al. 2010) and the lowest in Syzygium Salicifolium (1.08). Sal and Sinduri had the highest IVI, followed by Amloki and Sisoo reported by (Paul et al. 2015)
in their study.
The present study inferred that the species richness of 1.8
ha investigated area (10 tree species in agroforestry site, 14
tree species in woodlot plantation plots and 34 tree species
in natural Sal forest site) indicates the less tree species richness in Madhupur Sal forest. The tree species composition
is comparatively lower than other natural forests in Bangladesh. Rahman et al. (2019) found a total of 66 tree species were growing within the natural forest patch. Hossain
et al. (2015) found 107 tree species (72 genera and 37 families) from the Kamalachari Natural Forest of Chittagong
South Forest Division; 135 species and 105 genera of 45
families were found in North central Eastern Ghats of India (Naidu et al. 2018). Nandy and Das (2013) found 35, 32,
and 42 tree species in natural forests and 47, 37, and 48 in
paan jhum agroforestry plantations in Barak valley, Northeast India. The poor tree species of Madhupur Sal forest
may be attributed to land invasion, agricultural production, and illicit logging. That’s why participatory plantation
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Fig. 6 Boxplot showing minimum,
maximum, medians, quartiles values of all soil samples. (A, B) OM
(%) at 0–15 cm and 15–30 cm.
(C, D) Total N (%) at 0–15 cm and
15–30 cm. (E, F) Available P (µg
g–1) at 0–15 cm and 15–30 cm. (G,
H) Exchangeable K (meq/100 g) at
0–15 cm and 15–30 cm within the
three sites. AF: agroforestry site; WL:
woodlot plantation site; NSF: natural Sal forest site; OM: organic matter; N: nitrogen; P: phosphorus; K:
potassium.

Table 5 Mean values and standard deviation of soil samples
Forest
sites

OM (%)
0–15 cm

AF
2.39 ± 0.59a
WL
2.06 ± 0.59b
NSF
2.47 ± 0.47a
p value
0.0002
F value
9.02

Total N (%)

15–30 cm

0–15cm

15–30 cm

1.67 ± 0.55a
1.58 ± 0.41a,b
1.37 ± 0.28b
0.0025
6.21

0.14 ± 0.05a
0.11 ± 0.02b
0.13 ± 0.02a
0.0010
7.15

0.07 ± 0.03b
0.10 ± 0.02a
0.06 ± 0.02b
0.0000
27.74

Available P (µg g−1)
0–15 cm

15–30 cm

62.67 ± 57.47a 30.40 ± 32.51a
24.07 ± 30.31b 21.09 ± 20.67b
4.12 ± 2.59c
1.51 ± 0.18c
0.0000
0.0000
37.71
26.36

Exchangeable K (meq/100 g)
0–15 cm

15–30 cm

0.36 ± 0.24a
0.32 ± 0.07a
0.33 ± 0.07a
0.3746
0.99

0.24 ± 0.08b
0.25 ± 0.05b
0.31 ± 0.09a
0.0000
19.82

Values are presented as mean ± standard deviation.
AF: agroforestry site; WL: woodlot plantation site; NSF: natural Sal forest site; OM: organic matter; N: nitrogen; P: phosphorus; K: potassium.
Statistical analysis was performed for soil properties at both soil depths in the study area. Different letters indicate signiﬁcant differences (p = 0.05)
across forest sites according to Turkey HSD (One-way ANOVA test).

programs like agroforestry and woodlot plantation under
the umbrella of community or social forestry programs
would be alternative to reforesting the degraded natural
Sal forest region. The reason for getting the highest species-area curve in natural Sal forest site is that it harbors

the different types of natural species. Behera et al. (2002)
also found similar species-area curves in the coniferous
and semi-coniferous forest in the Subansiri district,
Arunachal Pradesh.
The Shannon-Wiener diversity index values from 1.72 to
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1.76 of three forest sites which are similar to the findings of
Tripathi et al. (2010); Borah et al. (2014); Sanou et al. (2018)
that fall within the range (0.70–3.57). The Simpson dominance index for the agroforestry site revealed a high value,
indicating that the agroforestry site is less consolidated and
active from a functional standpoint. The authors reported
that the reason for the higher species evenness in the agroforestry site in comparison to other sites is that trees are
intensively cultivated to mitigate the local demand of the
people. The highest Margalef ’s index (4.96) was found in
natural Sal forest plots which are similar to the findings of
Kibria and Saha (2011). They observed that maximum
margalef index (4.32) in natural forest because of natural
forests have more species than agroforestry systems. It
could be related to the farmer’s personal preferences for
agroforestry plants. Nandy and Das (2013) explored that
the most of the species in paan jhum agroforestry were
more evenly distributed or contagiously distributed which
comparable to this study.

Soil nutrient status of study sites

We found that organic matter of soil was highest in the
natural Sal forest plots at topsoil (0–15 cm depth) (Table 5,
Fig. 7A) which is statistically similar to agroforestry site.
This contribution could be owing to high-quality litterfall,
root biomass, increased potential carbon and other variables. Due to the accumulation of organic components, the
topsoil of a natural forest site has more organic matter,
which lowers the N and K concentrations (Fig. 7A, C). In
terms of subsoil (15–30 cm soil depth), the agroforestry site
had the highest organic matter (Table 5, Fig. 7D). Decom-
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posed residues help to maintain the higher organic matter
levels on agroforestry sites (Sharma et al. 2009). This may
be owing to plant residues or fertilizer practices that raised
subsoil N concentrations but decreased other nutrients.
(Table 5, Fig. 7D–F). In the Madhupur Sal forest, reforestation initiatives like woodlot plantation and agroforestry
boost the organic matter content of the subsoil. A similar
result was observed by Mukul (2009) who found organic
matter decreased with the conversion of natural forest into
another land use at topsoil. Paudel and Sah (2006) reported
that organic matter was found to be higher in the agroforestry plots (4.75%) than in adjacent forest plantations
(3.18%) at topsoil Chowdhury et al. (2022) found that natural forest had the most organic matter (1.75%), followed by
pineapple, lemon and banana agroforestry which supports
the present study. The total nitrogen (%) was highest at
topsoil in agroforestry plots which is similar to the findings of Kibria and Saha (2011) where pineapple agroforestry had the most nitrogen (0.09%), followed by lemon, banana, and natural forest. Chowdhury et al. (2022) reported
that forest plantations had (0.15%) total N, compared to
(0.10%) in slash-and-burn hills and agroforestry plots
(0.08%). Hasan and Mamun (2015) reported that total N
content was the highest (0.145%) in the plantation stand
and the lowest (0.112%) in the mixed and pure stand, respectively. This may be a result of the planting of seasonal
legume crops in the agroforestry plots, which may increase
the soil’s nitrogen content. At both soil depths, the highest
levels of P and K were found in agroforestry plots, intermediate in the woodlot plantation site, and lowest in the natural Sal forest site (Table 5, Fig. 7). The increase in P and K

Fig. 7 Relation between OM (%) with (A, D) Total N (%), (B, C) Available P (µg g–1) (C, F) Exchangeable K (meq/100 g) at both 0–15 cm
and 15–30 cm depth in the three different land-use systems. Error bar indicates the standard error of the mean. AF: agroforestry site; WL:
woodlot plantation site; NSF: natural Sal forest site; OM: organic matter; N: nitrogen; P: phosphorus; K: potassium.
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content during agroforestry practices could also be due to
organic compost fertilization. A study demonstrated that
long-term fertilization with cow dung increased the
amount of accessible P and K in agroforestry plots (Singh
et al. 2003). These nutrient concentrations are, of course,
dependent on the decomposition of organic debris. Compared to other studies, a higher breakdown of organic matter in the soil leads to higher P and K concentrations
(Haque et al. 2014; Mahmud et al. 2018). Kibria and Saha
(2011) found that natural forest has the highest potassium
(0.36 meq/100 g), followed by banana, pineapple, and lemon agroforestry (0.33, 0.28, and 0.25 meq/100 g). Our findings have supported the research of Sanou et al. (2018) and
they reported that the phosphorus and potassium content
of the highly disturbed site was statistically higher than a
low, troubled site in the forest.

Conclusions
Our results indicate that vegetation compositions are
well in the woodlot plantation site, but biodiversity indices
are rich in the agroforestry site. The soils in agroforestry
plots and woodlot plantation sites contain more nutrients
than natural Sal forest sites, with agroforestry providing
greater advantages for soil fertility. The ecological and environmental balance of Madhupur Sal forest is destroyed
by local people for their living and meeting the food demand. We suggest that agroforestry and woodlot plantation should be practiced to return the deforested land under green coverage and maintain the ecological balance.
Our results indicate that reforestation activities are promising for sustainable land management in the Madhupur
Sal forest regions. Therefore, Government and local
non-governmental organizations (NGOs) should use public awareness campaigns and financial incentives to encourage the widespread use of agroforestry and woodlot
plantation practices to limit forest encroachment in this
natural Sal forest.
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