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INTRODUCTION

. r. L I. •
ARTIFICIAL REGENERATION OF MANGROVES IN

BANGLADESH

Artificial regeneration of mangroves is nothing but to give 
aid to the course of natural succession. Artificial regeneration 
of mangroves has never been done extensively in any coastal areas 
of the world—firstly, because it is very easy to got natural 

. regeneration of these, species in its own habitat and, secondly, 
because it is extremely difficult to have artificial regeneration 
in the new site (whore there was no mangrove vegetation, previously) 
without the study of the ecological status of the site especially 
from the edaphic and tide level points of view and the habitat 
preference of individual species.

In the subcontinent artificial regeneration of mangroves 
can be traced back as early a*s 1697 in the islands of the Andamans 
with the species Rhizophora mucronata, Bruguiera gymnorhiza, 
B. parviflora, ICandelia rheedii and Ccriops candolleana, Plantations 
totalling 1,240 acres were raised upto 1925* These plantations 
suffered very much in the later stage due to interference in the 
floxv of tidal water. In Burma also, five acres of mangrove planta­
tions were raised with the species Rhizophora conjugata, Rhizophora 
mucronata and Kandelia rheedii by dibbling the embryos. In Malaysia 
the embryos are dibbled ih 4’xr4-’ or.'6’x6’ and the percentage of 
survival is very high but crabs appear to eat through the stem!.; 
at its base (1,2).

With the construction of 2,000 miles long embankments along 
the coast of the Bay of Bengal to protect the lives and property- 
against the tidal waves and to reclaim inside coastal lands, it 
was felt necessary to afforest the lands out side the embankments 
all along the coast. This afforestation work is expected to produce 
manifold benefits. This plantation will act as green wall, shelter 
belt, a live hedge for embankments and a stock of timber.

The' mangroves are tidal vegetation peculiarly adopted to 
tidal saline water. This is a complex plant community primarily 
controlled by cdaphic factors. Due to their, peculiar morphological, 
anatomical and physiological features, they are most suitably 
adopted to the saline muddy habitat. Their occurrence 1 is 
dependent on the tide level and are not found beyond the high 
tide mark. These communities are the product of the constantly 
changing conditions of its habitat.
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Secondly, the seeds and embryos of almost all mangrove 
species are p^-eculiarly adopted to tidal saline waters and they 
loose their viability rapidly when stored in air. The seeds or 
embryos of the mangrove species keep its viability in saline 
water for a considerable period of time.

BASIC CONSIDERATION FOR ARTIFICIAL
REGENERATION OF MANGROVES

The following considerations must be kept in mind while 
raising plantations of mangrove species.

With these objectives in view, artificial regeneration 
of mangroves in coastal aff orobtaiibnn works-tn BangladeBh>'Was 
started in the . 1 \j£i61Jr/hile*xatarting. the- vorks; nc'pioirequire— 
ments for artificial regeneration were met. During the past few 
years, artificial regeneration of mangroves in coastal affores­
tation works had become a large scale experimental works rather 
than actual afforestation. In this paper, the experiences 
gathered during the last few years have been evaluated in respect 
of artificial regeneration of mangroves used in afforestation 
of coastal belt.

factors interfered with it in the past or

Thirdly, most of the mangrove species do not have any 
long tap root.’ They develop a network of superficial under­
ground root system from where peg like pneumetaphores come up. 
The cortical regions of much branched roots of seedlings are 
spongy. When it is exposed to air, the turgidity of the cell . 
gets spoiled and once spoiled, it cannot regain its turgidity. 
Consequently most of the transplant seedlings fail to survive 
when transplanted.with bare roots or after a long exposure.

’Firstly, the site evaluation must be done directly or 
indirectly before regeneration of a particular species in a 
particular site is attempted. The indirect method is the 
cheapest and quickest. This can be done by a close examination 
of the area from the ecological point of view. The existing 
successional stage of vegetation will be the base of the 
artificial regeneration. Artificial regeneration of the mangroves 
includes a study and a follow up of the stages of natural 
successions to have a successful regeneration. If the laws of 
nature are broken, regeneration of any species there, will prove 
failure. Therefore, the plantations of friangrove- is to give an 
aid to the successional stage of the vegetation where biotic 

are interferr£ng..inow.
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CHOICE OF SPECIES WITH RESPECT TO SITE CLASS

1. Berms of the embankment

2. The High Borrowpits

4» Fourthly, the success of mangrove plantations depends much 
on the availability of seeds of planting materials in the 
vicinity of the plantation area. When the plantation site is 
near to the sources of seeds or planting materials, the plantation 
becomes more successful than when the source is situated at a 
distant place when all other factors required for mangrove 
regeneration remain unchanged. This is because of the fact that 
the seeds or embryos loose their viability during transportation 
of the same••

This is the area between the high borrowpits and the base . 
of the embankments« Here the effect of the high tides are seen 
during the monsoons. In winter the tide level, in most of £he 
cases, do not reach here. In this site class a distinction has 
to be made between the marine embankments and the riverine 
embankments. On the embankments facing the sea, salinity is 
more or less, uniform throughout the year but in the case of 
embankments on river banks, the salinity varies during the 
monsoon and the dry season. Except grasses, no natural vegetation 
grows on the berms. This is a transitional zono between mangrove 
and non—halophytes. No definite conclusions can be made regarding 
the choice of species in this site. Indications are available 
that Pongamia glabra, Amoora cuculata, Ccriops roxburghii, 
Heritiera minor, Garapa obovata and Excocaria agallocha can be 
grown here. In the riverine embankments where salinity is less 
during monsoon season, palm like Nipa fruticans appears to thrive.

The choice of species for the purpose of artificial 
regeneration appears to be most -important for successful 
raising of mangrove plantation. The edaphic factors and the 
tide level play the vital role in establishing a species in a 
particular site as mentioned earlier. All the site classes are 
not affected by the tidal water all the year round. Moreover, 
the edaphic condition in the site shatply changes before a ' 
species gets established. So, selection of species for a 
particular new site is still a matter of controversy in many 
cases. The following is the summary of the experiences gathered 
with respect to different site conditions undertaken:

This is the area of the borrowpits (from where the earth 
is taken for the construction of embankments) which has been 
silted up. The original vegetation of the area has been 
completely destroyed during the earth cutting for the embankments.
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3. The Low Borrowpits

4« The High Charland. (High mud. plains)

nitf.d. plains)5- The Low Charland. (Low

This is the area that occurs between the high borrowpits 
and. the low Charland.. The areas become higher and. higher by 
more and. more deposition of silt through the naturally growing 
grasses. Due to heavy grazing, most of the original vegetation 
has disappeared. Cynodon Spp. is the last stages of retrogression. 
This area; gets inundation only 6-8 months of the year. During 
winter time, the areas remain dry and the soil gets cracked. 
This is one of the critical site conditions where a mangrove 
species is yet to be selected. Salt crustation also occurs 
during hot weather. In some places these areas cannot be found 
but suddenly merged with low Charland. Cynodon dactylon,Acanthus 
elicifolius along with Excoecaria agallocha occurs sparsely as 
a 1st stage of secondary succession.

Acanthus elicifolius, Excoecaria agallocha, Ceriops 
roxburghii, Amoora cuculata, Xylocarpus granaturn, Heritiera 
minor and Pongamia glabra are under trial, but no definite 
conclusion can be drawn.

This is the site class where the area gets inundation 
daily throughout the year and new acreti are going on due to 
heavy deposition of silt along with humas specially in river 
estuaries. These are the areas where mangrove can thrive even 
naturally if protection is given against biotic interferences.

These are the areas where inundation occurs daily throughout 
the year. The area gets complete submersion during the high tide. 
and is the lowest and the wettest. Gradually, this area gets 
merged with the low charland where there is no high charland. 
Naturally, Urigrass comes up. The species planted are Avicenia 
officinalis, A. alba and Sonneratia a petala, Rhizophora Spp. and 
Burguirra gymnorhiza. Due to rapid siltation of this borrowpit, 
the site condition changes very rapidly and the species planted 
4-5 years ago has become unsuitable for the area. This sharp 
change of the site conditions has created serious problems as 
regard to choice of species here.

This area occurs on both the sides of the lower borrowpits. This 
area gets complete inundation daily during high tide for about 
6-8 months of tho year. Another 4-6 months during dry season it 
gets inundation only twice a month. When secondary succession 
occurs, grasses like Cynodon sp., Urigrass (Qryza coarectata) 
and Uloograss (Imperata cylindrica) come up. The species planted 
here are Excoecaria agallocha, Acanthus elicifolius,Aegiatitles 
rotundifolia, Carapa molluccensis and Amoora cuculata.
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PLANTATIONS
1 • Seed and planting materials

2. Sources

There is a lot of controversy about the types of materials 
to be used in the plantations. Since the starting of plantation, 
various types of planting materials like seeds, cuttings, one- 
year old wild seedlings, one-year old nursery stock, etc., have 
been used. The transplanting of one year old wild seedlings has 
proved failure in the past due to damage of root system during 
collection and transportation.

Though some of the species like Exeoecaria agallocha (Gewa) 
coppices vigorously, cuttings of this species have proved failure 
as the cuttings required fresh water during its initial stages 
of rootings. This has been observed by planting cuttings in the 
saline mud as well in the inward side of the embankments. But 
experience during the last few years has shown that the seeds, 
the pregerminated seeds and the embryos are the suitable planting 
materials for artificial regeneration of mangroves. Seedlings 
raised in polythene bags do not produce good results because most 

■ of the mangrove grown in polythelene bags for longer periods can 
not spread its root system properly and secondly the adjustment 
becomes difficult after transplanting from the bags. Only Gewa 
can successfully be transplanted from the nursery with a ball of 
earth or even wild one year old seedlings with a ball of mud. 
Pre—germinated seeds of Nipa fruticans are used for the purpose 
of artificial regeneration. In case of Baen (Avicenia Sp.) 
pre—germinated seed and seedlings raised in tidal saline mud 
which are adjecent to afforestation site are also used. So is 
the case with Keora (Sonnertia Sp.).

When acretion occurs in river estuaries or streams facing the 
sea, Sonnertia apctala, S. acida and Avicennia officinalis are 
the ideal species for the areas, while Avicenia alba does better 
in the marine mud deposits. Rhizophore mucronata is also under 
trial.

The main sources of seeds and other planting materials are 
the Sundarbans, Khulna and Chakaria Sundarbans, Chittagong. .Along 
the coastal belt and off-shore islands of Bangladesh there :are . . 
numerous rivers, streams and creeks. At the estuaries of these . 
rivers, streams, etc., where biotic activities are less, mangrove 
vegetation grows sporadically also. These types of sources are 
being tapped for supply of peeds and other planting materials. - 
Generally nearest possible sources of supply are the best one. 
In Chittagong, seeds are generally collected «from the Chakaria 
Sundarbans and the Sonadia Islands. As there is no source of 
supply in Noakhali, the required materials are being collected
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3. Collection

4. Transportation

5. Preservation

6. Pretreatment of seeds

Seeds are collected from the ground or water on which it 
falls after maturity. It is also directly being collected from 
the mother trees. But best results are obtained from the seeds 
collected from the water. In case of vivipary ones, the young 
embryos are collected from the mud.

Immediately after collections, the seeds and the embryos 
are transplanted to the plantation site within the shortest 
possible time as the seeds los viability when stored in air. 
During transporting the seeds are generally kept moist. In case 
of embryos and other materials, some saline muds are kept 
attached with it to protect it against dessication. During the 
rainy seasons, when the sea is very rough, the transportation 
of seeds causes great hardship specially for off-shore islands.

Therefore, no preservation of seeds and other planting 
materials are possible ordinarily in air except Lunya(Aegilities 
roundifolia) which keeps its viability for 1—2 months when 
kept moist.

from the Chakaria Sundarbans of the Sundarbans. Patherghata 
areas of Patuakhali district and the Sundarbans are the main 
sources of supply for the plantations of Patuakhali and 
Bakerganj districts.

Majority of the mangrove species gives viviparous or semi 
viviparous germination. The viviparous seeds (i.e. ,e longated 
embryo) are easy to dibble in the mud and are' not washed away by 
the tides and the wave actions. But the seeds put directly in 

. the plantations are liable to be washed away easily. To guard 
this washing away, the semi vivaporous and other seeds are put 
in the pre-germination beds when the hypocotyl along with a bunch 
of roots comes up which are then put in the • plantations . . For 
example, Baen (Avicenia officinalis, A. alba and A. lanata)are 
generally put in the saline mud by nets. The seeds gradually 
germinate and the germinated seeds are daily taken away for 
sowing. This process is a continuous one. Golpata(Nipa fruticans),

The embryos, fruits and seeds of mangroves keep their 
viability for a long time while floating in tidal saline water. 
But when it is kept in air, it loses its viability very rapidly. 
In case of Naricha Baen (Acicenia albA), it loses its viability 
within 24 hours if kept in air.
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7. Nursery

8• Preparation of sites

9« Techniques of sowing and planting
The pre—germinated seeds are sown by dibbling keeping 

epicotyl above the ground. This is generally done in case of 
Avicinia species r Heritiera minor, Nipa fruitioans, Acanthus 
illioifolius, Xlocarpus ranatum, etc. Pongamia glabra is directly 
sown in the plantation site after doing a light soil working. 
After removal of seed coat, sowing of cotyledons with embryo 
gives the best results. Otherwise the rotten seed, coats spoil 
the cotyledons, the future food materials of the embryo.

No preparation of sites is required except in the places 
where dense Uloograss (imperata cylindrica) and Uri (Oryza 
coaractata) occur. In such areas the spaces required for a thali 
is generally cleaned and then planting materials is put. No soil 
working is necessary except in high-mud banks (high charland) 
where soil working in thalis is done as the soil is hard and 
compact-. In case of heavy grassy areas, if 1 ft. to 1 72 ft. of 
the upper layer of the soil along with grass are removed in the 
month of January, February and March with a ring bound for 
catching silt outside, and sowing is done in the month of August/ 
September, it produces very good results in terms of growth 
and survival of the seedlings due to deposition of silt. This . 
is specially suited for Baen and Keora, though it requires a 
little extra expenditure.

Amongst mangrove except Gewa (Bxcoecaria agallocha), Keora 
(Sonertia apetala) and par.tly Baen (.avicenia Sp.)are raised for 
the purpose _• of plantations. Small nurseries, however, are being 
made time to time to study rhe growth and behaviour of the 
species and its possible application in plantations. Pre—germina­
tion beds in saline mud is made for Golpa.ta and other non- 
vivborous seeds which require special treatment before planting 
as the species are liable to be washed away by the tide if 
put directly in the site.

In case of Gewa (Excoecaria agallocha), the young seedlings 
can be raised in the nursery during July/August and by the next 
rainy season it could be transplanted in the plantation site 
with tap root intact. Keora (Sonnertia apetala) and Baen 
(Avicenia Sp.) could be raised in the saline muddy pond which 
could be utilised as nursery.

Sundri (Heritiera minor)t Hargaza (Acanthus ilicifalins) , etc., 
are given pretreatments 'in the same way before sowing by keeping 
it in the pregermination beds.
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10. Time of sowing and planting

11. Spacing in plantations

12. Vacancy filling up

Sonneratis ape tala and S. acida is sown by broadcasting after 
collection of seeds by rotting the fruits in heaps. But the 
broadcasting of seeds in most of the cases are likely to be 
washed away by the tides if sowing is not done in time.

The young embryos of Rhizophora con/jugata, Bruguiera 
gymnorhiza , Ceriops roxburghii, Aegialities rotandifolia, etc 
of the viviparous nature are dibbled in the mud keeping 40% 
of the embryo above the ground. In case of Aegialities rotandi— 
folia, the cover of the embryo is removed before dibbling.

A definite spacing has not yet been fixed up. As heavy 
casualties were noticed in the past, the spacing has been kept 
to 3' x 3’ . Even this 3r x 3r spacing is too close for Baen and 
Keora due to their rapid growth.

Transplanting of Exceecaria agallocha from the nursery and 
also Sonnoratia apetala from saline pond nursery are generally 
done. In case of Excoecaria agallocha seeds are sown in July/ 
August and by the next rainy season the seedlings become ready 
for transplanting. When Sonneratia apetala and £5. acida are two 
leaved, it must be transplanted in the same season, otherwise 
it does not give good survival percentage in the plantation due 
to the rapid growth of root system. The percentage of success 
of transplants decreases with the age of the seedlings.

Vacancy fillings were done upto 5 years plantation 
wherever necessary.

While starting the plantations the spacing was 6 x 6’ for 
all the species except for Golpata whose spacing was generally 
b’ x 8' or 9' x 9’• -But during the raising of 19^9 plantations, 
the spacing was reduced to 4' x 4’ while in 1970 and 1971 
plantations 3’ x 3’ spacing was kept.

4

July to October is the best period for plantation works in 
the coastal areas as most of the seeds nature during this time. 
But the plantations can also be raised in other periods of the 
year when seeds and planting materials become available. The 
correct time of actual sowing of seeds planting of embryos and 
seedlings depends upon the nature of the tide. It has been found 
that sowing done between the new and the full moon produces the 
best results when the tides are lowest and there is no water on 
the ground.

x 8'
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No tending operation has been done.

14- Total area artificially regenerated

Table 1 .

Total
1966 $ 1967

2610.0816.028.0 146.0 350.01270.0
1502.8156.3632.526.0 700.0
3905.0

area under mangroves

15- Growth and conditions of plantations

Name of Forest
Division

Showing the total area so far artificially regener­
ated in three Coastal Afforestation Division.

1
2
3

95$ °f* the 
70%. . . .
90% . . .

Amongst the mangroves, Sonneratia and Avicenia are fast 
frowing. The others are slow growing, the slowest being Fxceocaria 
agallocha. The following table will give some idea of the rate 
of height growth for some of the species raised in the coastal 
belt.

Area in acre
jj 1968 I 1969 i! <970

Plantations have been raised oh WaPDA and Khas land since 
its starting in the year 1966. The total area so far artificially 
regenerated is as follows:

Chittagong^-

Barisal^
Noakhali^
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Height growth of plantationsTable 2.

I
. Name of the species

Sonneratja apetala 186Hatiya
18 90Hatiya-do-

6 12BanskhaliAvicenia alba Low char land
8A.officianalis Kutubdia High char land 4

19-do- Kutubdia Low char land 4
72Avicenia alba Kutubdia 45Low borroik pits
60-do- Kutubdia 33Low char land

21-do- 54

6Ceriops roxburghii Banskhali 5

61/2Amoora cuculata Hatiya 34

61/2Xylocarpus granaturn Hatiya 29Berm
Nipa fruticans Kutubdia .Low ohar land 33 54

51/2Rhizophora mucronata Kutubdia Low char land 9

16. Injuries and protection

subjected to the damages

Centre of 
plantations

Berm & high char 
land

Berm & high char 1 
land

Low borrow pits 
. it..

Saline pond bed

The mangrove plantations are 
done by the following agencies:

The plantations raised from seeds, pregerminated seeds and 
dibbling of the embryos are growing well. The plantations raised 
during 19^7 and- 19^8 had large scale failures due to planting 
of wild seedlings, Gewa cuttings, site conditions not being 
congeneal to mangroves, specially, in the Chittagong Division. 
Moreover, the coastal plantations have suffered very badly during 
the 1970 cyclone and the tidal bore where replanting has become 
necessary.

Banskhali & Low char land 
Kutubdia

$Age of the^iverage
Site class ^plants in jit.growth 

ft months jfcn inches
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(a) Grazing:—

•_ (c) Fishing:—

to wave action

(g) Insects:—

FUTURE RESEARCH SUGGESTED

tidal 
bore :—

Wild rats do considerable damage to the young 
seedlings in grassy areas.

The fishermen damage the coastal plantations 
specially the mangrove during the high tide by 
uprooting the young seedlings through dragging 
their nets while catching fish.

Some insects have been observed to eat up the 
leaves of Sonnertia apetala. No other insect 
has been noticed.

(d) Cyclone & ‘Cyclone and tidal bore which occur frequently 
- - damage the plantation to a great extent.

(e) Wave
action:—

During the monsoon, the plantations specially the 
very young seedlings are subject- 
which sometimes are washed away.

Lost of the mangrove plantations are heavily 
grazed by the cattle of the adjoining villages 
whore no grazing field is available.

(b) Grass
cutting:-

(h) Wild
animals:—

‘Though sound simple, artificial regeneration of mangroves - 
is in fact, a highly specialised technique. Nowhere in the world 
such a large scale afforestation work with mangrove species have 
been taken in the past. It was an unwise attempt to have artifi­
cial regeneration of mangrove without gathering at least some

(f) Siltation: Heavy siltation causes damages to the plantations 
by burying the young seedlings and by bringing a 
sharp change in the site conditions.

Due to protection given to the plantation area, 
grasses grow luxuriently which are cut bjr the 
local people for their cattle. During grass cutt­
ing, seedlings are cut also by the people knowl 
ingly or unknowingly.

As regards protection against these injuries, except 
items (d), (e) and (f), protective measures could be afforded 
if the whole area is declared as Reserved Forests. But the 
present administrative control of the lands in question lies 
with the WAPDA and the Revenue Department. The scope of protection 
against natural calamities.. is very limited or beyond our capacity 
but insect damage can Oe minimised through proper use of 
insecticides.
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To find out the rate of siltation and its effect on the 
growth of the individual mangrove species.

A thorough study of the successional stage of the vegetation 
in the coastal, area is needed so asiio introduce species in 

cc accordance with the stages of the succession.

To find out the correct time of raising of individual 
mangrove species from the different types of planning stock.

I

To study the viability and the germination.capacity of 
seeds of each mangrove species.

To study the daily tide level so as to find out its effects 
on the growth of the mangrove species.

7. *
T transportation of seeds,

8.

The Silviculture of Indian Trees. 
Vol. II, Page 500, The Clarendon 
Press, Oxford.

Evaluation of different site classes with respect"to “the 
choice of species specially for berms, borrow pits, and 
high mud banks.

basic informations like locality factors, soil conditions, 
ecological status of the area, etc. Informations regarding 
artificial regeneration of mangrove species is very inadequate. 
Some research was needed regarding the evaluation of site classes, 
choice of species, technique of raising of plantation?, etc. 
Under the present circumstances the following problems need to 
be investigated immediately.

The mangrove forests of Andamans. 
Tropical Sylviculture Vol. II, 
Page 321, FAO, Rome.

To. study the best method of collection, preservation and 
r pregerminated seeds, embryos, etc.

3. Soil analysis of some problematic areas with a view to find 
out their suitability to support for plant growth of a 
particular species.
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SUMMARY

The mangroves are tidal vegetation peculiarly adopted to 
tidal saline water. The regeneration is dependent on the edaphic 
conditions as well as on the movement of tidal water. First tri a] s, 
on the artificial regeneration of this-plant community have been 
described with various types of planting material like mature 
seeds, pregerminated seeds, artificially raised seedlings, natural 
seedlings, cuttings and embroyo in different types of sites chosen 
for individual species. Avicennia officinalis, A. alba, Sonneratia 
apetala, Sonneratia acida , Ceriops roxburghiana, Amqora cnculata, 
Rhizophora mucronala, Herittera minor, Nipa fruticahs were the 
main species for the trials conducted. Drawbacks and failures have 
been discussed. Future scope of research to avoid failures have 
also been projected in the text.
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