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The mangrove forest is distributed in the inter-tidal region between the sea and the land
in the world’s tropical and subtropical regions between approximately 30° N and 30°S
latitude (Alongi 2009). Mangrove is among the most productive and biologically
important ecosystems of the world because they provide important and unique
ecosystems, goods and services to humans, society and coastal and marine systems (Giri
et al. 2010). It also performs some important ecological, biophysical and socio-economic
functions, including serving as a natural barrier against storms, typhoons, and tsunamis,
thus protecting coastal habitats (Latief and Hadi 2007). The forests help stabilize
shorelines and reduce the devastating impact of natural calamities like tidal wave surge,
cyclones and tsunamis. They also provide breeding and nursing grounds for marine and
aquatic species and foods, medicine, fuel and building materials for local communities.
Mangrove plantations in the shoreline area leads to rapid accretion because the mangrove
roots and pneumatophores effectively slow water movement and act as efficient sediment
trappers (Woodroffe 1992) and also could be beneficial for long term coastal protection
both to continuous erosion and severe natural hazards. Mangrove species are also good
candidates to change the coastal environments, social and ecological situation (Nandy
and Ahammad 2012).

Over the last two decades, mangrove forest plantation areas have been increasing in
Bangladesh. A total of 0.192 million hectares of accreted land were afforested with
mangrove species in the coastal regions till 2013 (Hasan 2013). Plantations are increasing
day by day to cover the barren forest land and newly accreted land. Bangladesh is one of
the leading countries of coastal afforestation programs with different mangrove species.
Afforestation program along the coastal belt was initiated in 1966 with the primary
objective to protect the lives and properties of coastal communities from the cyclone and
tidal surges by creating mangrove forest cover or green belt in the exposed 710 km
coastal belt (Das and Siddigi 1985). Subsequently, the objectives of coastal afforestation
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were expanded to reclamation and stabilization of newly accreted land and production of
timber for fuelwood (Saenger 1987). At the first time of plantation, most commercial
mangrove species were tried on newly accreted land periodically inundated by tidal
water. Among them, only Sonneratia apetala Buch.-Ham is the most successful and
Avicennia officinalis (baen) L. is the second most successful planted species of the
coastal mangrove plantations (Siddigi 2001a). Among the cultivated mangrove species,
Avicennia officinalis is about 5% of the total mangrove plantations (Siddigi 2001b).

At present, the coastal mangrove plantations are under severe threat due to geomorphic
changes, species succession and insect infestation to the S. apetala (Siddigi 2001a). In
most old plantation sites, the forest floor rises up due to heavy sedimentation and resulted
less inundation during the full moon. Large scales stem borer attack in S. apetala
plantations were observed for a long time (Baksha 1996). The mortality of planted
seedlings of this species in the coastal areas is also high (Siddigi and Das 1988). As a
result, gaps are created inside S. apetala plantations. Moreover, insufficient regeneration
appeared under these plantations due to the rising forest floor, compactness of soil and
scarcity of other mangrove species’ seedlings. The life cycle of S. apetala is short and the
rotation period of felling is about 12-15 years. After harvesting of matured S. apetala
trees, there will be no second rotation forests for the sustainability of this coastal forest.
Thick and dense vegetation can diminish the height of tides and thus reduces the
magnitude of the devastation. The dense forest along the coastline can protect human
habitation, lives, properties and crops from extreme climate changes (Islam and Rahman
2015). Tropical mangrove forests have been shown highly productive. Still, the growth
and yield of planted mangrove species in Bangladesh are lower than in other South Asian
countries such as Thailand’s, Indonesia, Malaysia and the Philippines (Hawlader 1999).
The main reasons for the low productivity of mangrove species were the use of poor
quality seeds and planting stocks (Nandy et al. 2004). The use of improved seed source
will always remain an essential factor for achieving maximum yield. Intensive forest
management activities will never maximize yields unless supplemented with the use of
genetically superior trees and their improved seed sources (Zobel and Talbert 1983).
Therefore, the present study was undertaken to assess the growth and yield of Avicennia
officinalis and Heritiera fomes plantations from plus tree seed sources with high quality
seeds from phenotypically superior trees.

The experiment was laid out in two places of maderbunia char lands under Rangabali
islands of Patuakhali districts in 2010. One place was newly accreted (char) lands and
another medium raised land. Rangabali is located at latitude 21° 92" N and longitude
90%45" E. Soil of the sites is silt-clay-loam. In monsoon, water salinity ranged 3-27 ppt,
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while in the dry season, it ranged from 10-33 ppt (Siddigi and Khan 1990). Soil salinity
also varies remarkably between the monsoon and dry seasons. Soil salinity ranged from
0.3-4.2 dS/m in December and reach its peak in April-May, when average salinity is as
high as 9 dS/m (Hasan 1987). Soil salinity in the monsoon and dry season changed
remarkably between 1.5 and 4.0 dS/m. Soil pH was slightly alkaline and varying between
7.5 and 8.0 (Siddigi and Khan 2000). The climate is humid. Temperatures ranges
between 18°C and 32°C (Siddigi 2002). Annual rainfall varies from 2500 to 3000 mm
(Siddigi 2002). The Bangladesh Forest Research Institute established 50 plus trees of A.
officinalis species at Rangabali and Char Kukri-Mukri Island for good quality seed
sources in the pure stand of Avicennia officinalis experimental plantations. The plus tree
of Avicennia officinalis (baen) species was selected from different char lands of
Rangabali and Char Kukri-mukri in the year 2000. The plus trees were evaluated by
providing the highest score 10 for diameter at breast height (dbh), 15 for individual tree
height, 20 for bole form, 15 for branch angle, 10 for branch diameter, 10 for apical
dominance, 5 for forking and 10 for individual tree health and 30 for wood properties
(Nandy 1989). The score range of selected plus tree of A. officinalis species was from 91
to 106 at char Kukri-Mukri, when the stand was 17 years old. The score range of selected
plus tree of A. officinalis at Rangabali sites was between 104 and 122 and the stand was
seven years old. Another 45 plus tree of Heritiera fomes (sundri) species established in
2000 at Terabaka, bogi, under shoronkhola range of Sundarbans from natural stands and
score was between 96 and 114.

Seeds of Avicennia officinalis and Heritiera fomes were collected from different selected
plus tree seed sources. The seeds were collected during August-September. Seedlings
were raised in polybags of size 25 cm x 15 cm filled with powdered soil and cow dung
mixture at a ratio of 3:1. Seedlings were maintained in the nursery for about 10 months.
Eight to ten month old polybag seedlings were planted at 1.5 m x 1.5 m spacing. In each
plot, 100 (10 x 10) seedlings were planted. The experiment was laid out in Randomized
Complete Block Design (RCBD) with 3 replications. The seedlings of Avicennia
officinalis species were planted in newly accreted land and Heritiera fomes seedlings
planted in under keora forest as an under planting at char maderbunia of Rangabali
island. Experimental data on tree survival, height, diameter at breast height (dbh), bole
height, and crown diameter, and branch number were collected in August 2018 when the
plantation stands seven years old. The wood volume of standing trees was calculated
following Avicennia officinalis volume table (Latif et al. 1994). All these data were
analyzed using Minitab statistical package. Analysis of variance (ANOVA) was used to
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determine the effect of plantations with plus tree seed sources on tree height, diameter
and wood volume.

The growth performance of Avicennia officinalis and Heritiera fomes planted in 2010 in
the western coastal belt of Bangladesh are shown in Table 1. The highest survival was
found 46 % and 40 % for plus tree seed sources and mass collection seed sources of
Avicennia officinalis, respectively. The highest height, the diameter of breast height,
crown diameter and bole height was found 12.75 m, 15.45 c¢cm, 7.39 m and 6.80 m for
plus tree and 9.29 m, 9.96 cm, 4.00 m, and 3.65 m for plus tree seed and mass collection
seed sources, respectively. Great wood volume was found 7.78 mhal/yr and 1.80
m3/halyr for plus tree seed sources and mass collection seed sources, respectively, in
Avicennia officinalis species (Table 1).

Table 1. Growth performance of Avicennia officinalis and Heritiera fomes planted in 2010 at
Rangabali islands from different seed sources.

Name of Seed sources Survival Height Dbh Meanannual Crown Bole Wood

species (%) (m) (cm) height Dia (m) height  volume
increment (m)  (m*hatyr)
(m)
Avicennia  Plus tree seeds 35.00a 12.75a 15.45a 1.83 7.39a 6.80a 7.78a
officinalis 125 collection  28.50b  9.29b  9.96b 1.33 400b 3.650  1.80b
seeds
Heritiera  Plus tree seeds 46.00 2.56 0.17 0.36m - 1.72
fomes Mass collection  40.00  1.21 - 0.17m - 0.58
seeds

The highest survival, height, and dbh were found 46 %, 2.56 m and 0.17 cm for plus tree
seeds sources and 40 % and 1.21 m was found for mass collection seed sources of
Heritiera fomes, respectively (Table 1). In the present study, the result significantly
greater in plus tree seed sources than mass collection seed sources of Heritiera fomes
species when the stand was seven years old.

In comparison with other experimental plantations conducted by Bangladesh Forest
Research Institute, growth of Avicennia officinalis in 19 years old highest height was
13.52 m, dbh 32.16 cm, bole height 4.71 m, crown diameter 4.74 m and highest wood
volume found 10.04 m*/ha/yr (Miah et al. 2014). Another plantation conducted by Forest
Department at char kashem under the Rangabali island height was 13.15 m, dbh 28.96
cm, bole height 4.71 m, crown diameter 4.59 m and wood volume 5.73 m*/ha/yr found in
the age of 21 years old Avicennia officinalis stand (Miah et al. 2014). In the present



Growth and yield of Avicennia officinalis (Baen) L. 213

study, the height, dbh, bole height, and crown diameter of Avicennia officinalis for plus
tree seeds were found significantly greater, followed by mass collection seeds. Wood
production was also significantly much higher for plus tree seeds, followed by mass
collection seeds. The growth increment and yield were much higher for plus tree seeds of
Avicennia officinalis at the age of seven years in coastal forest of Bangladesh.

In the present study growth of H. fomes species was found satisfactory in comparison to
other established plantation in the coastal belts of Bangladesh. Siddigi and Khan (1990)
was found mean annual height increment from 0.27 m to 0.70 m in the 11-14 years old
plantations of H. fomes plantations and present study mean annual height increment was
found 0.36 m. The result revealed that seed sources are an important factor for tree
growth and their yield. So, the use of improved seed sources from established plus tree
provide significant growth and yield with the ability to withstand extreme climatic
conditions in the coastal belt.

Avicennia officinalis and Heritiera fomes species are the important mangrove species for
coastal plantation. They play a significant role in the established accreted char land,
moderately raised char land and enrich forest vegetation of the man-made coastal forest
of Bangladesh. These two species are planted using plus tree seed sources for getting
maximum growth and timber production. The improved seed sources can enhance these
species growth performance and their adaptability to vulnerable coastal areas. Therefore,
now practice to plantations with plus tree seed sources can be raised using these types of
seed sources for achieving significant gain from the coastal mangrove ecosystem. This,
however, an interim report, and the comprehensive one will be available after a few
years.
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