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Abstract
Coastal plantations mainly with SiMHerafifl fluids have been established by the Forest 

Department on the newly accreted lands in the coastline of Bangladesh since 19*65-66, An 
underplanting trial of 11 mangrove species was conducted in the existing S. ajritila plantations 
along the western coastline [Patuakhali and Bhda) to assess the site-suitability and growth 
performance of these species. Sun ival, height and diameter growth data from 16-21 years old 
experimental stands of these species were analyzed. The highest survival was found in 
EYCurrmu agallodin (62% and 59%) followed bv fiws (51% and 39%) and Xj/lucujpj(s 
wAorigeusrf; (48% and 26%) among the I rec species at Ran ga ba 11 island of Patuakhali and Char 
Kukri-Mukri island of Bhcla district. Among the shrub and palm species, the highest survival 
was found in twruridu/mw (63%) followed bv fVwju.T ptiudtWJ (58%) and Nyjw
fndieain (4Q%) at Rangabali and the highest survival in P. p/dtithmti (71%) followed be N. 
fnitnnus (56%) and A. cornkwtaftmj (46%) at Char Kukri-Mukri. The mean maximum height 
growth was observed in E. (9.31 m and 9.29 m) followed by X. Miefcoji^usjs (6.84 m and 
6.84 m) and H. Jews (6.19 tn and 5.65 m) in both Ute areas. The mean maximum diameter 
growth was also observed in F. flrgnPoc/ifT (9.83 cm and 9.49 cm) followed by X, JMcAragrtisrs (7,97 
cm and 7.34 cm) and (5,87cm and 5,34 cm) in bold Ihe nreas. Among the shrub and
palm species, A. curwkwMfwwr, P. pul tidier and N. fridtmrs showed good height growth 
performance in both die study areas, Therefore, these promising mangrove species (E. rtgiTifodm, 
IE follies, X. luekiut^Hsis, A. amtfoulaiittH, P. pithkfcsw and M/hrfk'ims) may be suitable for raising 
second rotation crops inside S. tqvtaJa plantations for sustainable management of coastal 
forests.
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Introduction
The coastal belt of Bangladesh extends 

over 710 km long along the Bay of Bengal 
(Siddiqi 2001). Ihere are newly accreted 
chars and off-shore islands of varying sizes in 
the coastal belt. Forest Department initiated 
coastal plantations in 1965-66 with an 
objective of protecting tire lives and 
properties of tire people suffering from the 
frequent cyclones and tidal bores (Das and 
Siddiqi 1985). Subsequently coastal 
afforestation was expanded to reclamation 
and stabilization of newly accreted lands 
(Saenger 1987). Initially most of the 
commercial mangrove species were tried on 
newly accreted lands, but Sonnemfia apetala 
(keora) was the most successful in all along 
the coastline followed by Avicenia officinalis 
(baen) in the eastern belt. S. apetala accounted 
94.4% and A. officinalis 4.8% of the successful 
mangrove plantations (Siddiqi and Khan 
20(M), and to date, approximately 0.19 million 
hectares of accreted land have been brought 
under mangrove plantations (Nandy 2010).

In the coastal areas, dynamic 
geomorphological changes, species 
succession and insect infestation threaten the 
sustainability of the pioneer S. apt’/ola 
plantations (Siddiqi el al. 1992, Siddiqi 2001). 
land accretion, removal of the keora trees 
and rotation of the species created gaps 
inside 5, apeMa plantations. In these 
plantations no regeneration appard due to 
rising of forest floor, soil compactness and 
absent of seed sources of other mangrove

species. As a result more land become vacant. 
After harvesting of mature S. apetala trees, 
there will be no second rotation crops for 
sustainability of this forest. There is little 
chance for the development of tree cover by a 
natural process of succession because of 
rapid physical changes and heavy biotic 
interferences. Therefore, underplanting trial 
in the existing S. apefala plantations with 
different mangrove species were laid out 
since 1990-1995. The objective of this study 
was to find out suitable species for coastal 
areas inside S. apetala plantations for the 
establishment of a permanent forest cover 
with the mangrove species. Initial reports on 
this trial showed success and suitability of 
underplanting species (Siddiqi el al. 1992, 
Siddiqi and Khan 1996, Siddiqi 2001, Islam 
and Nandy 2001). However, the present 
study describes a comprehensive report on 
suitability and growth performance of 11 
mangrove species planted inside S. apetala 
plantations in the western coastline of 
Bangladesh.

Materials and Methods
Ihe Plantation Trial Unit Division of 

Bangladesh Forest Research Institute carried 
out the experiments along the western 
coastline in two offshore islands, Rangabali 
under Patuakhali district and Char Kukri- 
Mukri under Bhola district. Rangabali is 
located at latitude 21"92' N and longitude 
90"45'E. Char Kukri-Mukri is located at
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Map 1. Coastline of Bangladesh showing the locations of natural planted mangroves and 
tlie studv areas.

latitude 2TB5' X and longitude 9072' E (Map I). 
Soil of the sites was silt-clav-loam. Soil 
salinity in the monsoon and dry season was 
remarkable varying between 1.5-4.0 dS/ni. 
Soil pH was slightly alkaline (7.5-B.O).

Commercially important 11 mangrove 
species, e.g. Heritiera fonies (sundri), Excoecana 
agallocha (gewa), Xylotarpits mekongensis 
(passur), Xylocarpus granaium (dhundul), 
Britguiera sexangttla (kankra), Aegiceras 
cornicitlatum (khalshi), Cynometra rnniiflora 
(shingra), Ceriops ticcnndra (goran), Lumnitzera 
raamosa (kirpa), Phoenix pahtdosa (hantal) and 
Nypa fniticnns (golpata) were included in the 
trial. The seeds or propagules of these 
mangrove species were collected from the 
Sundarbans. Seedlings of all mangrove 
species except golpata were raised in 
polybags of 25 cm x 15 cm or 15 cm x 10 cm in 
size and kept in the nursery- for about ten 
months. Tire golpata seedlings were raised in 
muddy soil near the canal side or in the 
marshy land.

The plots were established in Nursery 
Khal (N) ami Pashar Khal (P) of Char 
Kashem, Soner Char, Madarbunia and Baher 
Char nearby Rangabali island; and Char 
Zamir, Char Shafi, Zylar Khal and Nursery 
Khal of Char Kukri-Mukri island. Hie 
experiment was laid out in a Randomized 
Complete Block Design with three 
replications. Each plot was planted with JOO- 
121 seedlings at a spacing of 1.2 m x 12 m 
and the size of each plot was 144-174 m-. The 
plots yvere fenced to prevent grazing animal 
up to five years of the plantations. Ten- 
month-old seedlings of the species were 
planted in 9-12 years old S. apeittla 
plantations, except for N. frutiams seedlings, 
which were planted with 3 months old 
seedlings. Weeding was made up to five 
years after out planting. The data in relation 
to survival, height and diameter growth yvere 
collected in June, 2011 when the stand age 
varied from 16-21 years. Data were analyzed 
according to the standard statistical packages.
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Results and Discussion
The growth performances of the eleven 

mangrove species were analyzed and the 
mean values for different parameters are 
given in Table 1.

Tire highest survival and height of H. 
fames were 67% and 8.75 m respectively in 21 
years old plantation at Char Keshem (P), and 
the highest diameter was 7.82 cm in 16 years 
old stand at Madarbunia. Ute mean annual 
height increment (MAI) of this species varied 
from 0.24-0.42 m and diameter increment 
from 0.21-0.49 cm. The maximum survival of 
E. agallocha was 75% in 18 years old stand at 
Soner Char, the highest height was 13.0 m 
and the highest diameter was 11.62 cm in 21 
years old trees at Char Kashem (P). The MAI 
in height and diameter of E. agallocha was 
0.37-0.62 m and 0.40-0.61 cm respectively. 
The growth performance of this species was 
found higher than other species in almost all 
planting sites. The highest survival of X. 
mekongensis was 50% in 17 years old stand at 
Soner Char, the maximum height was 9.18 m 
in 21 years trees at Char Kashem (P) and the 
maximum diameter was 8.91 cm in 21 years 
trees at Char Kashem (N). The MAI in height 
and diameter of this species was 0.27-0.47 m 
and 0.32-0.50 cm respectively. The survival of

X. granatum ranged from 11-50% in 16-18 
years old plantations. The highest height and 
diameter of this species were 5.37 m and 6.03 
cm in 16 years old stand at Madarbunia. Ihe 
highest survival of B, sexangula was 16% in 21 
years old stand of Char Kashem (N), the 
maximum height and diameter were 5.85 m 
and 6.51 cm respectively in 21 years old stand 
at Char Kashem (P) shown in Table 1.

The survival of A. comictthtium was 46
67% in 16-21 years old stands. The highest 
height and diameter were 8.14 m and 7.97 cm 
in 21 years old plantation at Char Kashem (P). 
The MAI in height and diameter of A. 
coniicnlatam was 0.26-0.39 m and 0.27-0.44 
cm. The species showed promising survival 
and growth performance in all sites. Ihe 
maximum survival of C. ramiflora was 42%, 
height was 7.21 m and diameter was 5.75 cm 
in 21 years old stand at Char Kashem (N). The 
mean annual height and diameter increment 
of this species were 0.24-0.34 m and 0.20-0.27 
cm respectively. The survival of C. decamini 
was 1241%, the highest height and diameter 
were 5.45 m anil 5.83 cm. The survival of L 
mcemosa varied from 9-44% in 16-18 years old 
plantations and the highest height and 
diameter were 5.42 m and 8.76 cm (Table I).

Table 1. Growth performance of eleven mangrove species planted at different locations of Rangabali and 
Char Kukri-Mukri islands.

Species 
(IjksI name)

Location

trees 
(yrs)

Mean 
survival 

(%)

Mean 
height (m)

Mean 
annual 
height 

increment 
(m)

Mean DBH

iSt

Mean 
annual 

diameter 
increment 

(cm)
Heritiera fames 
(Sundri)

Char Kashem(N) 21 30 6.69 ±0.38 032 5.9810.28 028
Char Kashem (P) 21 67 875 ±034 0.42 7.0310.22 0.33
Soner Char 18 58 4.98 ±0.12 0.28 4.9110.12 0.27
Soner Char 17 47 52110.17 031 3.5910.09 021
Madarbunia 16 55 53410.09 033 732i0.il 0.49
Zylar Khal 21 30 72810.39 035 5.0110.23 0.24
Char Zamir 18 34 42410.12 024 57310.18 032
Char Shafi 17 53 5.4310.28 032 5.2910.22 031

Excoecana agallocha 
(Gewa)

Char Kashem(N) 21 66 10.4510.53 050 93910.48 0.47
Char Kashem (P) 21 42 13jOO±028 0.62 11.6210.51 0.55
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N= Nursery Khal P= Pashar Khal

Soner Char 18 75 8.05 1 0.80 0.45 8.411023 0.47
Soner Char 17 54 9.1010.33 0.53 10.2210.28 0.60
Madarbunia 16 72 5.9710.09 0.37 9.011021 0.56
Zvlar Khal 21 70 10.041033 0.48 8511033 0.40
Char Zamir 18 51 8.49±025 0.47 9.55 1 028 053
Char Shafi 17 52 0.55 10.4210.31 0.61

Xylora/prs mehngeHsts 
(Passur)

Char Kashem(N) 21 52 7.141028 0.34 8.911021 0.42
Char Kashem (P) 21 44 9.181031 0.44 8.66 10.17 0.41
Soner Char 18 42 4.9510.19 0.27 5.8310.15 032
Soner Char 17 50 7.9910.15 0.47 8.5010.16 0.50
Madarbunia 16 50 4.9110.08 0.31 7.9310.14 0.49
Char Shafi 17 26 6.811027 0.40 7.341025 0.43

Xy/twrjws graiwliiiu 
(l)hundul)

Soner Char 18 30 4.401026 0.24 4911033 0.27
Soner Char 17 11 4311027 025 4.7810.18 028
Madarbunia 16 50 5.3710.12 0.33 6,0310.12 038

Bniguvm sexangula 
(Kankra)

Char Kashem(N) 21 16 5.1610.44 025 5.361026 026
Char Kashem (P) 21 16 5.8510.15 0.28 6.5110.14 031
Soner Char 18 10 4.1010.14 023 4521026 025

A^Lenis unr
(Kha Ishi)

Char KashemfN) 21 61 6.0610.15 0.29 6.091009 029
Char Kashem (P) 21 61 8.141024 0.39 7.9710.16 038
Soner Char 18 61 4.7210.16 0.26 4.9110.13 027
Soner Char 17 58 5.4310.11 0.32 5.0110.12 0.29
Madarbunia 16 67 5.1310.09 0.32 66610.13 0.42
Char Zamir 18 46 6.6110.12 0.37 7,9610.18 0.44

Cynometra ramiflcni 
(Shingra)

Char KashemfN) 21 42 7.2110.37 0.34 5.7510.14 0.27
Char Kashem (P) 21 30 5.8610.27 0.28 4.731039 022
Zylar Khal 21 18 4.9610.15 0.24 4.2710.16 020

Ceriops decandra 
(Goran)

Char Kashem(N) 21 41 4.7810.11 0.23 5.1810.10 025
Char Kashem (P) 21 5.4510.21 0.26 5.831021 028
Soner Char 18 12 4.711021 0.26 4.121021 023

bimnitiera ratemofa 
(Kirpa)

Madarbunia 16 44 524 1 0.10 0.33 63110.11 039
Char Zamir 18 9 5.4210.50 0.30 8.7610.43 J1'
Char Shafi 17 15 5.171026 0.30 6261036 037

Plwnix paludtw 
(llantal)

Char Kashem(N) 21 52 7.0210.28 033 5.8010.09 028
Char Kashem (P) 21 58 6.4010.17 0.30 63110.18 0.32
Soner Char 18 65 57610.09 0.32 5.48 ±0.09 030
Zvlar Khal 21 59 4.9210.11 0.23 4.8510.09 023
Char Zamir 18 89 5.1410.08 0.29 7.0110.09 039
Char Shafi 17 66 5.6810.15 0.33 6.4810.10 038

Nypa frutiams 
(Golpata)

Madarbunia 16 37 3.55 10.09 - -
Ba her Char 16 43 563 ±0.07 - - -
N'urserv Khal 18 56 3.43 10.04 - *
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Ihe highest survival of P. paludosa was 
89% in 18 years old stand at Char Zamir and 
line highest height was 7.02 m in 21 years old 
plantation at Char Kashem (N). The survival 
of N. fruticans ranged from 37-53% in 16-18 
years old plantations,

Latif et al. (1992) found the mean 
diameter increment ranged from 0.062- 0.151 
cm for H. fomes, 0.049-0.189 cm for E. agallocha 
in the Sundarbans. Siddiqi and Khan (1990) 
mentioned that the height and diameter 
increment varied between 0.27-0.70 m and 
0.50-0.90 cm for 11-14 years old E. agaJlodbi 
plantations in the coastal belt. Tire height and 
diameter increment of X. mekongensis in 14 
years old trees were 0.34 m and 0.30 cm 
respectively in the coastal belt. The annual 
height increment in this genus varied from 
0.23-0.38 m for the plantation of age 10-13 
years (Siddiqi and Kiran 1996).

Ihe average survival percentage, height 
and diameter at breast height (DBI I) from 16
21 years old stands of eleven mangrove 
species were analyzed separately' for 
Rangabali and Char Kukri-Mukri locations. 
Ihe result showed that the highest survival 
was recorded for A. coriiiculatum (63%) 
followed by E. agallocha (62%), P. paludosa

(58%), H. fomes (51%) and X. mekongensis 
(48%) at Rangabali. Ihe maximum survival 
was found for P. paludosa (71%), followed by 
E. agallocha (59%), N. fruticans (56%) A. 
corniculatuni (46%) H. fomes (39%) and X. 
mekongensis (26%) at Char Kukri-Mukri 
island (Fig. 1). Siddiqi el al. (1992) reported 
very initial information on survival and 
height growth performance of mangrove 
species based on only 1990 plantations (4 
places) at Rangabali and Char Kukri-Mukri. 
They found more than 90% survival for E. 
agallocha, P. paludosa and H. fomes at 
Rangabali and Char Kukri-Mukri. Siddiqi 
and Khan (1996) reported growth 
performance of 4 years old stands from the 
same experiment and they found higher 
survival for £. agallocha (97%) followed by H. 
fames (93%), P. paludosa (92%) and A. 
coniicidalum (68%). Siddiqi (2001 and 2002) 
prepared a partial and interim report on 
survival, height and diameter growth of 11 
mangrove species at the age of 8 years at 
Char Kukri-Mukri. He found higher survival 
for N. fruticans (97.3%), followed by E. 
agallocha (90.3%), H. fomes (84.7%), P. paludosa 
(84.7%), 8. sexangula (61.3%) and X. 
mekongensis (58.3%).

Figure 1. Mean survival percentage of 16-21 years old mangrove species at Rangabali 
Char Kukri-Mukri islands.

and
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In Une present study, the highest mean 
height was recorded for E. agallocha (9.31 m) 
followed by X. mekongensis (6.84 m), C. 
ramifora (6.54 m), P. paludosa (6.39 m), H. 

fomes (6.19 m) and A. corniculatiini (5.90 m) at 
Rangabali. Hie highest mean height was also 
recorded for E. agallocha (9.29 m) followed by 
X. mekongensis (6.84 m), A. coniiculalum (6.61 
m) and H.fonies (5.65 m) at Char Kukri-Mukri 
island (Fig. 2). The highest mean DBH was 
recorded for E. agallocha (9.83 cm) followed 
bv X. mekongensis (7.77 cm), L. racemosa (6.31 
cm), A, corniculainm (6.13 cm), P. palitdosa 
(6.03 cm) and H.fonies (5.87 cm) at Rangabali. 
Hie highest mean DBH was also recorded for 
E. agallocha (9.49 cm) followed by A. 
comiculahtni (7.96 cm), L. racemosa (7.51 cm), 
X. mekongensis (7.34 cm), P. palndosa (6.11 
cm) and H. fomes (5.34 cm) at Char Kukri- 
Mukri (Fig. 3). Siddiqi and Khan (1996) found 
higher height growth lor E. agallocha (6.20 m) 
followed by H. fomes (2.60 m) and X. 
mekongensis (2.40 m) in four years old stands. 
Siddiqi (2001, 2002) recorded highest height 
for E. agallocha (9.23 m), followed by H. fomes 
(5.33 m) and P. paludosa (2.93 m) in 8 years

old stands. He also found maximum DBH for 
E. agallocha (7.33 cm), followed bv P. paludosa 
(5.06 cm) and H.fonies (3.13 cm) in the same 
experiment. Siddiqi and Khan (1990) found a 
height and diameter growth was 7.4 m and 
11.14 cm for E. agallocha in 12 years old trees 
at Char Kukri; 3.75 m and 3.32 cm for E. 
agallocha in 11 years old trees at Char 
Kashem, and 3.5 m and 5.05 cm for H. fomes 
in 14 years old trees at Char Kukri-Mukri in 
other plantations.

The results of survival, height and 
diameter growth data revealed that E. 
agallocha are the most promising species both 
in Rangabali and Char Kukri-Mukri areas 
followed by A. coriiiculatuni, H. femes and X. 
mekongensis among the tree species. Among 
the shrubs and palms species, the most 
promising species was P. paludosa followed 
by N. fruticans both in Rangabali and Char 
Kukri-Mukri. In Rangabali area, C. mmiflora 
and L racemosa showed better performance 
but very poor survival at Char Kukri-Mukri 
areas. Out of 11 species tried, all species were 
successful at Rangabali area but 8 species 
were successful and remaining 3 species fail

Species
Figure 2. Mean height growth of 16-21 years old mangrove species at 

Rangabali and Char Kukri-Mukri islands.
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to survive at Char Kukri-Mukri areas (Fig. 1). 
Grazing of domestic animal like cattles and 
buffalos has a highly detrimental impact on 
the successful establishment of mangrove 
plantations. Moreover, the introduced deer 
(Axis mis) in Hie Char Kukri-Mukri island 
browsed seedlings of some palatable species 
like X. granatum and B. sexangula which 
ultimately affect the growth and survival of 
the species. Therefore, survival of most of the 
species was found lower in Char Kukri- 
Mukri than in Rangabali, On the other hand, 
human interference and illicit felling of 
superior trees in the established experimental 
plots were very common in the coastal belts. 
Therefore, the survival was decreased for H. 
fames and X. niekongensis in some places.

Natural regeneration mainly of E. 
agallocha, H. fames and P. pahulosa were 
observed in and around trial plots both at 
Rangabali and Char Kukri-Mukri areas. 
Flowering and fruiting of these species were 
started in 8-10 years old stands. Huge 
seedlings of the species were appeared in the 
areas. As these trial plantations have also 
been serving as the mangrove seed sources in 
the western coastal belt and thus it may 
become an opportunity to develop naturally

second rotation vegetation inside S. apetala 
forests. Pictorial status of E. agalloeha, H. 
femes, X. mekong^nsis, A. eonticulahim, N. 
fntticans and P. paludosa as underplanting is 
shown in Figure 4-9.

Bangladesh is a pioneer country in 
raising successful plantations with S. apetala 
in the newly accreted char lands along the 
coastline. But the existence of these 
plantations is under tremendous pressure due 
to geomorphic changes in the plantation sites 
and human interferences. Moreover, the life 
cycle of S. apetala is short (20 years rotation) 
and after harvesting this pioneer species, 
there will be no forests in absence of iiatural 
regeneration. Therefore, in order to maintain 
continuous forest vegetations, raising of 
second rotation forests under the canopy of 
existing plantations are immense important 
before harvesting. In the western coastline, 
the mangrove species like E. agailoclta, H. 
fames, X. mekongensis, A. eorniculatum and P. 
paludosa were found promising as 
underplanting at the age of 4 and 8 years 
(Siddiqi and Khan 199b, Siddiqi 2001). On the 
basis of survival and growth performance of 
mature experimental stands of this study, E. 
agalloeha, H. fames, X. mekongensis,

Figure 3. Mean diameter at breast height (DBH) of 16-21 years old mangrove species at 
Rangabali and Char Kukri-Mukri islands.

Bonglodesh Journal of Forest Science Vol. 32 (2), 2013



Figure 5 H./ws underplanting plot at 
Soner Char of Rangabali

Figure 4. £. agallKin underplanting plot at 
Zylar Khal of Char Kukri-Mukri

Figure 6 X. mek&igtnsis underplanting 
plot at Char Keshein of Rangabali

Figure fk N. frutieaits underplanting plot at 
Zylar Khal of Char Kukri-Mukri.

Figure 7. A comiculatuni underplanting 
plot at Char Kashem of Rangabali

Figure 9. P. puludosi underplanting plot at 
Char Kashem of Rangabali
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A. conikulatum, P. paludosa and M fruticans 
are also appeared promising at the age of 16
21 years. Thus these species can be 
recommended for afforstation inside S. apetala 
plantation for sustainable management of 
coastal forests. In many places, the coastal 
forests have been destroyed due to illegal 
occupation by erosion victim people. The 
influential persons behind the homeless 
people using them to grab government land. 
In the last few years, about 6,045 ha coastal

forest land has been encroached and 
destroyed forest resources in only Noakhali 
coastal area (Sajjaduzzaman el al. 2005). So, 
participatory approach of forest management 
may also be considered for the development 
and conservation of mangrove forests. In 
addition, Forest Department must take 
intiative to declare the areas as reserve forests 
for protection of the existing coastal 
plantations.
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