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Introduction

The coast has been defined as the area where
terrestrial and marine habitats interact and
vice versa (Carter 1991). The coastal
ecosystem is one of the most dynamic
ecosystems on the planet (Serajuddoula et al.
1995). Bangladesh's coastline extends over
710 km along the Bay of Bengal (Das and
Siddiqi 1985; Siddiqi 2001), and the coastal
zone encompasses 47,201 square kilometers
between latitudes 21° and 23° north and
longitudes 89° and 93° east (Islam and
Rahman 2015). Because mangrove roots and
pneumatophores efficiently impede water
velocity and operate as efficient sediment
trappers, fast accretion occurs along the
shoreline (Woodroffe 1992). Plantation is a
frequent approach for recovering mangrove
forests (Chen et al. 2009), and Bangladesh is
one of the leading countries in the world for
coastal afforestation with several mangrove
species (Islam et al. 2016). In the coastal
regions, approximately 1,90,000 hectares
(ha.) of accreted land were afforested with
mangrove species until 2010 (Islam et al.
2013) and 1,92,000 ha. till 2013 (Hasan
2013). The most successful planted species is
Sonneratia apetala (Keora), while Avicennia
officinalis (Baen) 1is the second most
successful species in coastal mangrove
plantations (Siddiqi 2001). Because S. apetala
has the best survival and growth performance
in newly accreted areas throughout the coastal
belt, it is the most common species planted in
coastal afforestation programs (Islam et al.
2016). Currently, S. apetala alone accounts
for 94.4% of all established mangrove

plantations, whereas A. officinalis accounts
for only 4.8% (Siddiqi and Khan 2004).

Sonneratia apetala 1s an ecologically
significant tree species in Indo-Malayan
mangroves (Tomlinson 1986) and is
commonly used for mangrove restoration
operations in a variety of locales (Lu ef al.
2014). It is a light-demanding (Rashid and
Rahman 2012; Lu ef al. 2014; Hossain 2015),
fast growing pioneer (Das and Siddiqi 1985;
Chen er al. 2003; Lu ef al. 2014; Hossain
2015), woody evergreen tree species (Ren et
al. 2009; Hossain 2015). It can grow up to 20
m (Siddiqi 2001; Kairo ef al. 2009; Ren et al.
2009; Hossain 2015) and DBH varies between
30-70cm (Hossain 2015). It improves soil
fertility significantly and exhibits a number of
desirable qualities as a pioneer restoration
species (Chen et al. 2003; Ren ef al. 2009). It
accounts for around 4.5% of the Sundarbans’
merchantable growing stock (Chaffey er al.
1985) and 95% of Bangladesh’s coastal
afforestation (Siddiqi and Shahjalal 1997).
This tree was the most successful all along the
coastal line and accounted for 94.4% of the
total plantation in coastal areas of Bangladesh
(Siddiqi and Khan 2004). Tree growth is
frequently quantified using stem DBH and
tree height (Sumida et al. 2013), and it
continues for years as both diameter and
height increase (Henry and Aarssen 1999).
The diametric and hypsometric tree growth
trends varied by tree species or forest stands
(Sumida et al. 1997). Without a doubt, tree
growth is influenced by their age
(Lukaszkiewicz 2010), and the growth of all
forests follows a predictable pattern with age
(Binkley et al. 2002). While radial growth
continues throughout the tree's life, the tree's
height may only reach a maximum, which is
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unique to each tree species (Woolhouse 1972;
Koch et al. 2004; Niklas 2007). Forest
development is significant both economically
and ecologically (Binkley et al. 2002), and
knowing tree growth can help with CO:
reductions in the atmosphere, air quality
advantages, storm water runoff, and tree
maintenance costs (Lukaszkiewicz 2010). To
improve biodiversity and ecosystem services,
as well as to ensure long-term sustainable
forest resources, forest growth studies have
been needed on site quality, tree competitive
status, stand density management, and
silvicultural management (Brisefio-Reyes et
al. 2020). Because of the importance of S.
apetala plantations in Bangladesh, a better
understanding of their growth in relation to
their stand age is needed at the regional,
national, and worldwide levels. The objective
of this study is to find out the variation or
changes in the growth (height and DBH) of S.
apetala 1n relation to stand age or increasing
stand age. With the knowledge of the growth
rate of this species, policymakers and
decision-makers will be able to make
decisions about S. apetala species for future
coastal plantation, restoration, and management
programs.

Materials and Methods
Study area

The research was conducted at Char
Kukri-Mukri research station in Bhola district
and Rangabali research station in Patuakhali
district. The Char Kukri-Mukri area is located
between the latitudes of 21°54' and 22°52'
north, and the longitudes of 90°34' and 91°01"
cast (Dey et al. 2021a). On the other hand, the
Rangabali area is located between the latitude
of 21°59' and 21°59' north, and the longitudes

of 90°28" and 90°28' east (Moula and Miah
2020). The site conditions in these two areas
are almost similar (Islam et al. 2015). Annual
rainfall ranges from 2500 to 3000mm, with
mean minimum and maximum temperatures
ranging from 18 to 32°C (Siddiqi 2002). The
delta of the extended Himalayan drainage
ecosystem, which makes up the lowest
landmass, includes this region. The combined
actions of the rivers Brahmaputra, Meghna,
and Ganges have created low-lying terrain,
estuaries, and inlands along the seacoast.
Water salinity varies between 3-27 ppt during
the monsoon season and 10-33 ppt during the
dry season (Siddiqi and Khan 1990). The soil
type in the research region is silt-clay-loam,
with salinity varying from 0.3-4.2 ds/m in
December to 9 ds/m in April-May (Hasan
1987). The soil pH ranges from 7.5 to 8.0, and
it is slightly alkaline (Siddiqi and Khan 2000).

Sampling design

At each station, different available stand ages
were considered for establishing permanent
sample plots (PSP). The PSP size was 10m x
10m. Thirty-two PSPs (four PSPs for each age
class) were established in the Char
Kukri-Mukri area under eight age classes (11,
15, 20, 30, 35, 40, 42, and 45 years), covering
a total arca of 3200 square meters. On the
other hand, in the Rangabali area, 28 PSPs
(four PSPs for each age class) were
established under seven age classes (30, 35,
42,44, 45, 48, and 50 years), covering a 2800
sq. m. area. The PSPs were selected following
the stratified random sampling method. All
PSPs were demarcated by bamboo or wooden
sticks, and all trees in the study plots were
numbered sequentially.
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Discussion

In this research, a significant difference was
found in the height growth rate among the
different stand ages for 1 year (2019) and 2
years (2020) in both the Char Kukri-Mukri
and Rangabali areas. However, the growth
rate did not always follow the decreasing
trend of the growth rate with increasing stand
age in both Char Kukri-Mukri and Rangabali
areas. In the Char Kukri-Mukri area, the
annual height increment was found to
decrease with increasing stand age, up to the
age of 11 to 30 years. Then it broke the trend,
and the annual height increment of 40 years of
age was more (0.118m) than the 35 years
growth (0.100m), and the growth of 45 years
was more (0.095m) than the 42 years growth
(0.075m). When the data were collected, after
2 years in the same plantation, the previous
one followed without a height growth rate of
42, which was more (0.150m) than the 45
years growth rate (0.147m). On the other
hand, in the Rangabali area, the annual (2019)
height growth rate of 44 years was more
(0.136m) than the 42 years growth rate
(0.090m), and the 50 years growth rate was
more (0.063m) than the 48 years growth rate
(0.036m). Incase of height growth, the growth
rate of DBH was not following the decreasing
trend with increasing stand age in both the
Char Kukri-Mukri and Rangabali areas. In the
Char Kukri-Mukri area, the annual (2019)
DBH growth rate of 30 years and 35 years was
higher (0.415 and 0.407cm) than the 20 years
growth rate (0.340cm). On the other hand, in
the Rangabali area, the DBH growth rate of 44
years was higher (0.300cm) than the 35 years
and 42 years growth rate (0.283 and 0.240cm)
after 2 years of data collection (2020). Siddiqi
(2001) found the maximum mean annual
diameter increment (MAI) of S. apetala up to
11 years was 1.23cm and the height increment

was 1.16m in the coastal area of Bangladesh.
In addition, Siddiqi (1988) found that the
annual DBH and height increment (MAI)
were 1.33cm and 0.936¢m, respectively, up to
10 years of S. apetala plantation in the Char
Kukri-Mukri area of Bhola district. Moreover,
S. caseolaris, a species near to S. apetala,
showed the highest growth among all planted
species, with an annual diameter increment
(MAI) of 1.92c¢m and a height increment of
0.97m, which occurred in low saline areas (up
to 16 ppt) (Siddigi and Khan 1990). The
height and DBH of different years stands
showed variation, which means that in some
cases, the lower year stand has more height
and DBH than the older one. As well,
variation happened between the locations
at the same age. Like in the Char Kukri Mukri
arca, the height of 45 years was less than
the heights of 30, 35, 40, and 42 years. On the
other hand, in the Rangabali area, the DBH of
a 45 years old plantation was higher than the
48 and 50 years old plantations. It was found
that at 45 years old plantation (Kukri Mukri
area), some big trees are dead, and it could be
a possible case of reason to take the mean data
(both height and DBH) of all the trees in the
plots. Poor-quality seeds and planting stocks
can be the reason for this low productivity, or
grazing can happen after plantation that
severely affects plantation establishment and
affects the growth of the species (Shafi 1982;
Kathirensan and Ravikumar 1993; Nandy et
al. 2004). For the same age plantation, the
height and DBH are greater in the Rangabali
area than in the Char Kukri-Mukri area.
Sonneratia apetala performs better on barren,
muddy beaches, with higher survival and
growth rates (Ren ef al. 2009), which could be
one reason for this. It grows best in thick and
soft muddy soils from the middle to the low
tidal zone with low salinity (0-15) (Huang
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and Zhang 2002; Chen ef al. 2003; Liao et al.
2004), that can be the reason for variation.
Siddiqi (2001) stated that growth was higher
in places with lower salinity and declined in
places with higher salinity. The depth,
duration, and frequency of flooding are all
important factors in the survival of mangrove
seedlings and mature trees (Mitsch et al.
2002;  Lewis  2005). All  of the
above-mentioned factors can be a possible
factor in the different growth rates of different
age groups, along with the age factor in both
the same and other locations. The
height-diameter relationship varies greatly
between forest types and regions (Feldpausch
et al. 2011). Dey et al. (2021b) found a strong
positive relationship (= 0.789) between DBH
and height for Acacia auriculiformis at the
Char Kukri-Mukri area in the Bhola district of
Bangladesh, which was one of the study areas
in this research. In the savanna zone of
Nigeria, Arzai and Aliyu (2010) found a very
strong linear relationship between DBH and
height in Khaya senegalensis, Parkia
biglobosa and Eucalyptus species.

Conclusion

A significant difference was found for the
growth (height and DBH) of S. apetala among
the different ages of plantations in the western
coastal belt of Bangladesh. However, there is
not always a decline in growth rate (height
and DBH) as age increases. The findings will
be helpful for managing S. apetala plantations
on a sustainable basis and determining
appropriate forest management methods to
mitigate the negative effects of climate
change. This was only examined the growth
rates of different age groups of S. apetala
stands, but the other climatic factor was not

included; that could be another research study.

Acknowledgements

The authors would like to thank the Ministry
of Environment, Forestry, and Climate
Change and the Bangladesh Forest Research
Institute for their financial support to carry out
the research. Authors also grateful to the field
staff of Rangabali and Char Kukri-Mukri
forest research station, Plantation Trial Unit
Division, Bangladesh Forest Research
Institute, for their sincere cooperation in
executing field research activities.

References

Arzai, A. and Aliyu, B. 2010. The relationship
between canopy width, height and trunk
size in some tree species growing in the
Savana zone of Nigeria. Bayero Journal of
Pure and Applied Sciences 3(1): 260-263.
DOI: 10.4314/bajopas. v3il.58808.

Binkley, D.; Stape, J.L..; Ryan, M.G.; Barnard,
H.R. and Fownes, J. 2002. Age-related
decline in forest ecosystem growth: an
individual-tree, stand-structure hypothesis.
Ecosystems  5(1): 58-67. https://doi.
org/10.1007/s10021-001-0055-7.

Brisefio-Reyes, J.; Corral-Rivas, J.J.; Solis-
Moreno, R.; Padilla-Martinez, J.R.;
Vega-Nieva, D.J.; Lopez-Serrano, P. M.;
Vargas-Larreta, B.; Diéguez- Aranda, U.;
Quifionez- Barraza, G. and
Loépez-Sanchez, C.A. 2020. Individual tree
diameter and height growth models for 30
tree species in mixed- species and
uneven-aged forests of Mexico. Forests
11(4): 1-16. https:// doi.org/10.3390/
F11040429.[Cross ref]

Carter, RW.G. 1991. Coastal environment.
Academic Press, London.

Bangladesh Journal of Forest Science | Vol. 38, Issue 1&2, Jan-Dec 2022, 85-96 93



Chaffey, D.R.; Miller, F.R. and Sandom, K.H.
1985. A forest inventory of the
Sundarbans, Bangladesh. Land Resources
Development Centre, Surrey, UK. 196 pp.

Chen, Y.J.; Liao, B.W.; Peng, Y.Q.; Xu, S.K.;
Zheng, S.F. and Zheng, D.Z. 2003.
Researches on the northern introduction of

mangrove species Sonneratla apetala
Buch-Ham. Guangdong Forest 19: 9—12.

Chen, L.Z.; Wang, W.Q.; Zhang, Y.H. and Lin,
G.H. 2009. Recent progress in mangrove
conservation, restoration and research in
China. Journal of Plant Ecology 2: 45-54.

Das, S. and Siddiqi, N.A. 1985. The
mangroves and mangrove forests of
Bangladesh. Bulletin No. 2, Mangrove
Silviculture Division, Bangladesh Forest

Research Institute, Chittagong,
Bangladesh. 42 pp.
Dey, T.; Rajib, M.G.M. and Islam, M.A.

2021a. People’s perceptions about the
socio-economic and environmental impact
of coastal green belt in Bangladesh.
Indonesian  Journal of Social and
Environmental Issues (IJSEI) 2 (2):
155-162.[Cross ref]

Dey, T.; Ahmed, S. and Islam, M.A. 2021b.

Relationships of tree height-diameter at
height (DBH) and
diameter-DBH of Acacia auriculiformis
plantation. Asian Journal of Forestry 5(2):
71-75. https: //doi.org/ 10.13057/ asianj
for/r050203.

Feldpausch, T.R.; Banin, L.; Phillips, O.L.;
Baker, T.R.; Lewis, S.L.; Quesada, C.A.;
Aftum Baffoe, K.; Arets, E.; Berry, N.J.
and Bird, M. 2011. Height—diameter
allometry of tropical
Biogeosciences 8: 1081-1106.

breast crown

forest trees.

Hasan, M.M. 1987. Preliminary report on
coastal afforestation sites. In: Drigo, R.;
Latif, M.A.; Chowdhury, J.A. and
Shaheduzzaman, M. (eds.). The maturing
Mangrove plantations of the coastal
afforestation project. Field Document No.
2, FAO/UNDP Project, BGD/85/085.
64-66 pp.

Hasan, D.Z. 2013. Plants in mangroves and

coastal afforestation in Bangladesh.

Ukilpara, Naogaon, Bangladesh.164 pp.

Henry, H.A.L. and Aarssen, L.W. 1999. The
interpretation of stem diameter— height
allometry in trees:  biomechanical

constraints, neighbor effects, or biased

regressions? Ecological Letter 2: 89-97.

Hossain, M. 2015. Handbook of selected plant
and species of the Sundarbans and the

embankment  ecosystem.  Sustainable
Development and Biodiversity
Conservation in Coastal Protection

Forests, Bangladesh (SDBC- Sundarbans)
Project implemented by the Deutsche
Gesellschaft fiir Internationale
Zusammenarbeit (GIZ) GmbH on behalf
of the German Federal Ministry for
Economic Cooperation and Development
(BMZ), Dhaka, 116 pp.

Huang, Z.G. and Zhang, W.Q. 2002. The
evolution of mangrove and its geographic
background in tropical China. Acta
Geographica Sinica 57: 174—184.

Islam, S.A. and Rahman, M.M. 2015. Coastal
afforestation in Bangladesh to combat
climate change induced hazards. Journal of
Science Technology Environment Informatics
2(1): 13-25. http://dx. doi.org/ 10.18801/
jstei.020115.12.

94 Bangladesh Journal of Forest Science | Vol. 38, Issue 1&2, Jan-Dec 2022, 85-96



Islam, S.A.; Miah, M.A.Q.; Habib, M.A_;
Moula, M.G. and Rasul, M.G. 2013.
Growth performance of underplanted
mangrove species in Sonneratia apetala
(Keora) plantations along the western
coastal belt of Bangladesh. Bangladesh
Journal of Forest Science 32(2): 26-35.

Islam, S.A.; Miah, M.A.Q. and Habib, M.A.
2015. Performance of mangrove species
planted inside Sonneratia apetala Buch.
Ham. plantations in the coastal belt of
Bangladesh. Journal of Bioscience and
Agriculture  Research  3(1): 38-44.
https://doi.org/10.18801 /jbar.030115.29.

Islam, S.A.; Miah, M.A.Q.; Habib, M.A. and
Alam, M.M. 2016. Growth and yield of
Sonneratia apetala (Keora) plantations
raised from different seed sources in the
central coastal belt of Bangladesh. Journal
of Bioscience and Agriculture Research
6(2): 565-569.

Kairo, J.; Lang’at, J.; Dahdouh-Guebas, F.;
Bosire, J. and Karachi, M. 2009.
Evaluation of mangrove structure and
condition in two trans-boundary areas in

the western Indian Ocean. Aquatic
Conservation 19: S46-S55.

Kathiresan, K. and Ravikumar, S. 1993. Two
endangered species of mangroves in
Pichavaram. Indian Forester  119(9):
773-776.

Koch, G.W.; Sillett, S.C.; Jennings, G.M. and
Davis, S.D. 2004. The limits to tree height.
Nature 428: 851-854.

Lewis III, R.R. 2005. Ecological engineering
for successful management and restoration
of  mangrove  forests.  Ecological
Engineering 24: 403—418.

Liao, B.W.; Zheng, S.F. and Chen, Y.J. 2004.
Biological characteristics and ecological
adaptability for non-indigenous mangrove

species. Chinese Journal of Ecology 23:
10-15.

Lukaszkiewicz, J. 2010. Determining the age
of alley trees with the DBH-height- based
multi-factoral model. Annals of Warsaw
University of Life Sciences - SGGW.
Horticulture and Landscape Architecture
31(April).

Lu, W.; Yang, S.; Chen, L.; Wang, W. and Du,
X. 2014. Changes in carbon pool and stand
structure of a native subtropical mangrove
forest after inter planting with exotic
species Sonneratia apetala. Plos one 9(3):
e 91238. 1-8. do0i:10.1371/ journal. pone.
0091238.

Mitsch, W.J.; Lefeuvre, J.C. and Bouchard, V.
2002. Ecological engineering applied to
river and wetland restoration. Ecological
Engineering 18: 529-541.

Moula, M.G. and Miah, M.A.Q. 2020.
Growth performance of some woody
medicinal tree species in the western
coastal belt of Bangladesh. Journal of
Bioscience and Agriculture Research
23(1): 1911-1919. [Cross ref]

Nandy, P.; Alam, M.J. and Haider, M.R. 2004.
Establishment of  mangrove  seed
production area for Sonneratia apetala.

Journal of Tropical Forest Science 16(3):
363-368.

Niklas, K.J. 2007. Maximum plant height and
the biophysical factors that limit it. Tree
Physiology 27:433—-440.

Rashid, M.E. and Rahman, M.A. 2012.
Updated nomenclature and taxonomic
status of the plants of Bangladesh included
in Hook. f., the Flora of British India:
Volume-II. Bangladesh Journal of Plant
Taxonomy 19: 173-190.

Ren, H.; Lu, H.; Shen, W.; Huang, C.; Guo,
Q.; Li, Z. and Jian, S. 2009. Sonneratia
apetala  Buch.Ham in the mangrove

Bangladesh Journal of Forest Science | Vol. 38, Issue 1&2, Jan-Dec 2022, 85-96 95



ecosystems of China: an invasive species
or restoration species? Ecological
Engineering 35(8): 1243-1248. https://
doi.org/10.1016/j.ecoleng.2009.05.
008Lukaszkiewicz, J.

Serajuddoula, M.; Khan, M.A.S.; Islam, M.R.
and Shahjalal, M.A.H. 1995. Introduction
of non-mangrove in raised coastal land - a
way to maintain sustainable forest in
coastal belt of Bangladesh. Pakistan
Journal of Forestry 45(4): 163-169.

Shafi, M. 1982. Artificial regeneration of
Keora in Bangladesh. Proceedings of the
Bangladesh Second National Conference
on Forestry, Dhaka. 136-139 pp.

Siddiqi, N.A. 1988. Growth, natural thinning
and wood production in a Keora

(Sonneratia apetala) stand. Bano Biggyan
Patrika 17(1&2): 91-93.

Siddiqi, N.A. 2001. Mangrove forestry in
Bangladesh. Institute of Forestry &
Environmental Science, University of
Chittagong, Bangladesh. 201 pp.

Siddiqi, N.A. 2002. Development and
sustainable management of coastal
plantations in Bangladesh. Journal of
Asiatic Society of Bangladesh (Science)
28(2): 144-166.

Siddiqi, N.A. and Khan, M.A.S. 1990.
Growth performance of mangrove trees
along the coastal belt of Bangladesh.
Mangrove Ecosystems Occasional Papers.
No.8.UNDP/UNESCO RAS/86/120.
Thomson Press, Delhi. 5-14 pp.

Siddiqi, N.A. and Khan, M.A.S. 2000.
Raising plantations of Phoenix paludosa -
a mangrove palm in the coastal areas of
Bangladesh. Journal of Asiatic Society of
Bangladesh (Science) 26(2): 259- 264.

96 Bangladesh Journal of Forest Science

Siddiqi, N.A. and Khan, M.A.S. 2004.
Human-induced succession of vegetation
on new accretions in the coastal areas of

Bangladesh. Journal of Tropical Forest
Science 16(2): 187-198.

Siddiqi, N.A. and Shahajalal, M.A. 1997.
Feasibility of under planting in the
mangrove plantations along the eastern
part of Bangladesh. Bangladesh Journal of
Forest Science 26(1): 76-78.

Sumida, A.; Ito, H. and Isagi, Y. 1997.
Trade-off between height growth and stem
diameter growth for an evergreen oak,
Quercus glauca, in a mixed hardwood
forest. Functional Ecology 11: 300-309.

Sumida, A.; Miyaura, T. and Torii, H. 2013.
Relationships of tree height and diameter
at breast height revisited: analyses of stem
growth using 20-year data of an even-aged
Chamaecyparis  obtusa stand. Tree
Physiology  33(1):  106-118. https://
doi.org/10.1093/ treephys/tps127.

Tomlinson, P.B. 1986. The botany of
mangroves, 2nd ed. Cambridge University
Press, Cambridge. 406 pp.

Woodroffe, C. 1992. Mangrove sediments and
geomorphology in tropical mangrove
ecosystems. In: Robertson, A.l. and
Alongi, D.M. (eds.). Coastal and
Estuarine  Studies 41, American
Geophysical Union, Wash, USA.7-41 pp.

Woolhouse, H.-W. 1972. Ageing processes in
higher plants. Oxford University Press,
London. 16 pp.

Vol. 38, Issue 1&2, Jan-Dec 2022, 85-96



