THE MATURING MANGROVE PLANTATIONS
OF THE COASTAL AFFORESTATION PROJECT

by

R. Drigo
Inventory Officer

- Mo A. Latif
' Senior Research Officer
Inventory Division
Bangladesh Forest Research Institute

J. A. Chowdhury
Senior. Research Officer
Inventory Division
Bangladesh Forest Research Institute

Md. Shaheduzzaman
Assistant Conservator of Forests
Working Plans Division

- et ?Lt’?p

W RE

TR £ M 4

Food and Agriculture Organization of the United Nations
FAO/UNDP Project: BGD/85/085

Assistance to the Forestry Sector

September, 1987

[ 48



PREFACE

The conclusions and recommendations given in the report are those

consxdered approprlate at the time of its preparation. They may be mod1f1ed in

. the lzght of further knowledge gained at subsequent stages of the progect.

‘ The designations employed and the presentation of the material and maps

in this document do not imply the expression of any opinion whatsoever on the

part of the Food and Agriculture Organization of the United Nations concerning
the legal status of any country, territory, city or area or of its authorities,

or concerning the delimitation of its frontiers or boundaries. -
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ABSTRACT

In 1986kao“ioveotory was carried out of the maturing mangrove plantations
of the Coastal Afforestation project. '"Maturing" were considered those
plantations established prio} 1980 that could be delineated on the available

1984 aerial phOngraphBﬂuli;'

Plantations were started in the four Coastal Afforestation Divisions of
Chittagong, Noakhali, Barisal and Patuakhali in the year 1966 initially
: consisting'only of species trials of limited extent. The afforestation
programme gained moﬁontﬁm in the years 1974-1975 with the establishment of
over LOOO Ha of plantation annually.

o W

The purpose of the inventory was to obtain up-to-date figures on area,

stooklng and growth of the main plantation types of average to good conditions.

Results show that the area established before 1980 presently available
amount to scme 15000 ha, the balance being failed, eroded, encroached or
hea&ily daﬁoged by cyciones and tidal bores. Two thirds of the area (approx.
10006 ha) is covered by plantations of average to good conditions and one
third is under stocked and of poor product1v1ty (the latter has. been excluded .

. ]
iy

from sampllng).
9#% of the area has an age of 8 to 12 years, planted during the period
1975-1979.

’“Keoraj(Soﬁhefétia apetala) is the most important mangrove species,
forming 67% of all planted area. Keora is the principal species in all
Divisions except Chittagong where it covers only a limited area in the north.
, Its productivity tends to be higher in the western side of the coastal belt.

Patuakhali Barisal Noakhali Chittagong (north)
MAI* (m°/ha/year) 9.b 2.9 7.5 5.8

Diameter-age and height-age curves show that Keora in Barisal and Patuakhali
grows better than in Noakhali and Chittagong where the species presents alac
poorer sanitary conditions and premature mortality. These facts could
justify the adoption of two different rotation periods such as 20 years for
Patualkali and Barisal and 15 yd urs for Chittagong and Noakhali.

° Mean annual increment in m3/ha/year without thinning of stands with crovi

coverage of over 70%. .
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Baen (Avicenrla spp) is the principal species of Ch1ttagong DiV1s1on.
} Its product1v1ty varies w1de1y due to total lack of" s11v1cu1tural treatments,
|

(often excess1vely dense) and to ecological conditions.

_ Chittagong South  Chittagong North -
MAI* (m3/ha/year) 1.3 - 1.9 6.9

The present unmanaged condition shows a reasonable growth 1n the area

north of Sangu River but appear stunted- "in the southern part.

"4

Mounded plantations have been established on the "hlgher chars" (drier
accretions) of Noakhali and part Chittagong Division for a total of 1483 ha.

Mainly composed of Babul (Acacia Nilotica) these plantatlons show overall poor
results reaching an estimated MAI of 3 ms/ha/year only in the most successful

stands, that amount to only 18% of the area covered by this system of planting

All types of plantations urgently requlre thinning and early spacing, in

case of broadcast sown stands, to balance growth and to 'normallze production

The maturing mangrove plantations have been mapped on 64 sheets of the
available SPARRSO "Land Accretion and Plantation Map" at a scale 1 :. 10000.

The area is divided into over 1200 units (DLU's) homogenous by density,

apocien and nge,with arona that variea from 1 to over 100 hectares (14 ha
per unit on average). Each DLU have been 1nd1V1dually numbered, descrlbed and
entered into the computerized Resource Management Svstem ‘data Base. Such units
have often irregular shapes. As an aid to the 1mp1ementat1on of management
prescriptions the units (or DLUs) have been grouped by contlguous common

year of establishment. These age groups, that amount to 273 un1ts of .55 ha on
average, have more regular shapes that will facilitate their location in the

field.

&, 3 v - s TR
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'* Mean annual increment in m3/ha/year without thinning of stands with crown

coverage of over 70%.
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Afforestation of the coastal belt of Bangladesh has started in 1966 in
connection with the construction of WAPDA Enbankments, with the objectives of
protecting lives and properties from'naturai calamities such as cyclones and
tidal bores and of stabilizing the newly accreted lands. Originally limited
to the enbankment areas, the afforestat1on work gained mementum in. 1974-175,

Ve

conslderably 1ncrea51ng the area planted and 1nterest1ng virtually all areas.
presenting accretion processes. ‘ '
Production of wood, mainly as firewood, is at present the main ob jective

in the persﬁectivé'bf‘the‘IDAwassisted Second Forestry project.

The present 1nventory has been designed to provide the flrst 1nformat10n
on the conditions -and growth characteristics of the maturing mangrove ‘stands ,
planted prlor to 1980 for the establishment of a rationale Resource Managem

System.

S
»
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‘"Phe Mangrove and Mangrove Forest of Bang

2. DESCRIPTION OF THE AREA‘

Spread all along the coastal belt of Bangladesh (see map at page L ), the
afforestation work is located in one of the most active river deltas on Earth,
characterized by a very dynamic erosion/accretion process. Such a rrocess tends
to '"move" and extend the land southward, eroding the northerm side of the

islands and accreting on the southern side where the water current reduces speed

and sedimentation process takes place.

Data on available accreted land produced by SPARRSO from two separate

surveys, based respectively on 1981 and on 1984 aerial photography, allow us
to assess the accretion rate during the three years period as a difference

between the two estimates.

Accretions

(area in Ha)

1981 | 1984 1984 - 1981 N
Stable (ready for planting) 62063 50811
Planted 1981 - 85° - 39456 | o
Stable + planted 62063 90267 | ' 28204"
‘Mud flats 34630 372024 " 2394 ' )
' Total accretion | 96693 | 127291 30598 , . |.

Comparision of the two surveys gives and gnnual accretion rate of over

10000 ha. The eroded area cannot be at present consistently estimated but is

assumed to be much lower than the accretion,leaving a widely positive margin

for the afforestation programme.

Hydrology, land formation process, ecological status, floristic successions

and silvicultural information are exhaustively treated in FRI Bulletin No. 2

ladesh" by S. Das and N.A. Siddiqi to

which we refer for such issues.

* Planted on "84'' stable area.




Local name

The 1mportantfplantatlon species cited in the present report are :

Soientific name

14
¢
'
¥

given in Appendlx .
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" Sonneratia caseolaris

“Avicennia officinalis
Excoecaria agallocha

Bruguiera gymnorrhiza

Acacia nilotica

plantation area is given in Appendix 7.

Remarns

' Most important mangrove

species.
Main species in Ctg. Dvn.

Covers very limited area
in Noakhali Division.

Planted or underplanted
with very poor resultsl
Staunted growth.

Species planted on the
drier land. Main component

of *Mounded plantations.
A list of the natural or planted species encountered in the.mangrove

" 2d s
The area is divided into four Coantnl Afforeatation Divisions namely,

from east to west, Chittagong, Noakhali, Barisal and Patuakhalz and subdivided
1nto 28 Forest Ranges and 198 Beats or Plantation Centres. Full list is y

+
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3.1 PHOTOINTERPRETATION

%] fTheiihté&pretation haé been carried out on colour infrared aerial
phofographs at.scale -1 "50600 of the 1983/84 national coverage. Two sets ot
fi"‘eut'.'h photographs (285'x 2 = 5?0) have been printed by SPARRSO and delivered
th*ough a period of four months from February to May '86. In spite of the
best effort of darkroom technicians, SPARRSO's poor printing equipment has
‘heen respons1b1e for the poor quality of the prints.

(i) . AGE - Based on available information such as Forest Department's
plantation index _maps and on field verification, all existing
plantation establlshed prlor to 1980 have been demarcated

on the photographs and divided into 5 years age classes with

,; 4Athe maximum possible accuracy @

\ .
T R 0 fees

Age class Years
ioge BB, 1966 - 1969
ety 3 e » 1970 - 1974

7B 1975 - 1979

At a later stage, after the completion of the field work, with

.«::' considerably more field information, most age classes have been
subdivided into individual years of planting. This has not alwaya
been possible, mainly due to the poor quality of records,

therefore, several areas still carry only the broad 5 year class

specification.

' wﬁ(ii) ' SPECIES 74‘ Different _species and species composition have been
T 1dent1fied, ghecked in the field and coded as follows :

WqCCode Species Composition % Remarks

”“K" - MKebr&‘ . 8% Easy identification, Dark red
g s R 5 tone. ol - .
“BH4Y “Bgen ' 80% Easy to separate from K but

difficult from G.
80% - Easy to separate from K but
foy - d1ff1cu1t from B. e st
8% Easy to 1dent1fy although brlght

red tone may be due to undergrowth
' and climber always associasted.



Code Species Composition % Remarks

S,/S, Mixed S,= 50 to 80% S, and S, are any of the prevxous
species. gy T
= 20 to 50% Most common mixture are K/B and
B/K.
M (Babul et al.) ‘ This does not represent a species

but a planting system : the
mounded plantation which is mainly
composed of Babul with few Gewa
and others.

(iii) DENSITY - The density is represented by the crown coverage as.a-

pprcent of the area. It has been coded :

Code ‘ Crown coverage
1 - 70 - 100%
2 30 - 70%
3 less than 30% considered under-stocked

and excluded from
o~/ sampling.

Planted areas with very low density, say less than 5%, are not
visible owing to the small photo scale and therefore have not been
delineated. ' '

For Mounded plantations (species code M) the "Density' code is
mostly related to the growth conditions. It doesn't provide walues
within the individual mound (where the densityjean:be.alvays assumed
as full) but only among the heap crowns in relation to the 5roure

coverage. . . vlh e, b
Code Crown coverage Remarks -
1 70 - 100% Most heap crowns touch each other
creating a rather continuous canopy.
2 bo - 0% Few heap orowns touch each other
creating a broken ~canopye.
3 0 - Lo¥% All heap crowns are small and
well distinct (stunt growth).
Interpretation parameters have been checked in the f1e1d and with FD

territorial officers.

The differentiation of Keora plantations from pure natural stands of

Keora of Patuakhali Division presented some difficulties. Thls has - been
difficult not only on the a1r-photo but also in the field. The appearance of
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175, 76 plantatlons and the naturally regenerated dense Keora stands, look

so much the same that even local officers got frequently confused and

contradictory. As a result the lines dividing the natural Keora from the

- planted Keora in Pathargeta. Amtali and Mohipur Ranges of Patuakhali Division

are approximate and should be considered indicative onlye. As a matter of fact,

the more these: lines are! straight the more they are reliable because they

follow visible plantation boundaries. The natural stands in such areas have
been also interpreted and divided into two classes : dense (crown cover 2 50%)
The similltude of the two format1ons, planted

and open (crown cover < 50%).
an be applied to

. and denseihstural. is such that the same management approach ¢

both of them.

The scale and printing quality of the aerial photographs utilized are of

a standard considerably lower than what js commonly requested for plantation
n the case of very young stands. Individual

‘1nventory purposes, especially i
d it is to be

small trecs are not visible in such small scale photographs an
expected that density classificatiou of younger stands will be of r
reliabilxty probably tend1ng to” classifv at a lower density level. As a result
of the limited sensitivity to helght assessment of such photographs, densmty

may be‘over-estimated for stands with dense natural undergrowthe

educed

3,2 FIELD WORK

Scattered over hundreds of islands or chars all along the bay of Bengal,

the mangrove plantations present considerable access difficulties. With the

of Chittagong Division (such as Mirsarai and Sitakunda

exception of few areas

Ranges) that are accessible by road,
‘this is restricted to the winter period (November to Aprxl)

W1nter time is also the only period of the year

all other areas can be reached only by

‘water. Furthermore,
_when the sea is relat1ve1y calm.
when the soil of the planted chars is sufficiently dry to perm1t walking and

,surveylng work . Another lim1t1ng factor is given by the tide, since most of the

;inner channels used to reach the selected sampling sites, are nav1gable only
‘with high ‘tide for a 1ew hours daily.

- Field work has been carried out dur1ng the period December '85 - May '86.

During December '85 and Janyary '86, when the infrared air-photos were not yet

delivered, the field work was concentrated in Chittagong Division fo
1:.50,000 1984 (B/W) photo coverage was available. From February through May
t Patuakhal1, Barlsal-

r which

he aamplzng and verxficat1on work has been carr1ed out a
and Noakha11 Forest Di#;sions. with the logistic support of D1v1sxona1 Motor

Launches, Range Trawlers and a project apeed boat.



August 186,

The field programme greatly benefited from  the availability of the
Preliminary copies of SPARRSO's "Land Accretion and Plantation Map". This
map, that has also been used at a later stage as base for the inventory .
mapping work, has a scale of 1 : 10000 and ‘have, been. prepared from the same -
1984 pPhotographs utilized for the photointerpretatlon.

Considering the relatively small scale of the photographs (1 : 50000)
and their consequent unsuitability for field or1entation, the presence of '
SPARRSO maps proved essential durang plot location and’ survey work.

3.3 SAMPLING DESIGN

‘Mxﬁe MR LD

3¢3+1 NORMAL PLANTATIONS i Teoess Ul iweos vLdanbingnn bysbeada s

Sampling units composed by 3 circular bamhle ﬁlots of 0.01 or 0.02 hectar

each have been utilized. ,
tY Bsinal e S ithwd raga

_ The radius of the c1rcu1ar sample plot 18 5 6# o (0.01 ha)for plantatxon
with spaclng 3' x 3' (0.9m x 0. 9m) and &' x " (1 2m x 1.2m) and is 7.38m
(o. 02 ha) for Plantations with spacing 6' x 6' (1. 8m x 1. 8m), the latter .

belng very rare. Conflguratlon of the sampllng Un1t :

— vy  wmme | cv— ——

&
[

Toaiembow

The orientation of the long axis of the sampl;ng un1t depends of the
conflguratlon of the stratum (plantatzon) 1n wh;ch tbe gnét 1s located. It 1§b

always orlented toward the nearest water poxnt such as channel or sea front e
from which tidal waters are periodically coming to flood tho plnntntion.‘

Example :

. ~ S AR RN g » ¥ W]
& Onoo sort drew HlisgH

‘C ANNAL

SEA FRONT



‘Rhndonly selected on the photographs. the S.U. 1ocation has been transferred

to the*uaps by projector, the point selected representing the centre of
2. The orientation of S.U. ax1s and consequently the locations of the
¢plots has;beenjthen»selected following the principle described above.

OUNDED PLANTATIONSH, piar

A"limited "check sampling" has been adopted to provide elementary

intormation for the plantation established under "mound" system in Noakhali

COnszdering the peculmar ‘and irregular spacing system of such plantations,
' the sampling unit has been designed to include four complete mounds (heaps)

»avhich are conszdered as four sample plots

” tP 4':._,_,;

‘Due to the irregulafit1es of or1g1nal spacing among mounds, each S. U.

~has its own measured area as shown below :
o o
SlES TS v
D G o O
i D .

aand b’ are the distances tobe measured in the fleld for each S.U.

. mounded patches where measurement have been taken.

On the average each S.U. measured 515 mz rangmng from a minimum area of
438 m° to a maximum of 588 n® :

. Randomly selected on the air-photos, the S.U. location has been transferred
by projector onto the map.’the point selected identifying the nearest mound as
the No. 1 of the sampling unit. ’ B ‘

s s
,3.& DESCRIPTION:OF FIELD FORMS a

Two kind of forms has been ut1lized for the field data collectlon 3

Inventory Form for each sample plot and Sample Trees Form for three trees



within the plot (where available) having DBH of 10cm or more and height of

10

3m or more, for volume calculations.

3.4.1 TINVENTORY FORM FOR NORMAL PLANTATIONS

A field form used during the inventory of normal plantations is shown

in Appendlx 1A.

The following is a description of the ‘columns of ‘the field sheet.'”

Name of the team leader, date of work, photo number and map number are

to be written on the right hand cormer of the field sheet.’

voe fTaio gop roldpldngdng gl an .

reference

Columns Description Codification i ~ =@ was’ T boio
1 -2 Deck 11 : already filled'in
3 District 1 : Chittagong
2 : Noakhali . = .. .o goigels
3 : Barisal. : ;J
4 : Patuakhali
L . 6 Range and Beat As per 11st given in Appendix 3 ~
g g oy b bera L g . s
7«9 Sampling Unit From 001 onward
10 Plot number 1, 2 or 3
1 - 15 Stratum phot01nterpretation
code = Data processing code ;
(after possible adjustment) ’

11 - 12 Species code See below. This code does not have a
digit for utilization. Column 12 for
main species and column 11 for
secondary speczes if any.

13 - 14 Age = Year of planting Eg.: 78 for the year 1978.

15 Density = Crown cover as 1 or 2. et 2
seen on the aerial photo- o Lisg
graph. Planting distance, Unlivdone oniiavs
survival rate and actual
ground stocking are not
considered. 2
16 - 1? Soil Not used. ey GYRT s o
18 Plot size ‘1 for 0.01ha~plot and 2 for 0.0Zha plot.»
The above data are common for the plot and are valid for each tree in the p}ot
19 - 20 Tree number 01 to 40 : already printed on the sheet.
21 - 23 Species code See-below. This code has a digit for:
utilization.
24 - 26 Diameter in mm at From O4O to ..o



Description
Total height in dm

Sanitary aspect

 Stem quality

Sdmple tree measured
for volume function

Codification

From 030 O ecee
1 (instrument)
2 (estimation)

1 to S as noted below
1 to 4 as noted below
Oy 1, 2 or 3

From 01 to eeeo

tanning
2 + 5.

Sanitary aspect

Sound

. Diseased

Top dying‘
Dead .

Stem guality

baméged stem.

rafters, scantlings, firewood.

pulp and paper, match boxes, box planking, dunnage in ships.

Dying crown side branches

%' painly baling boards in packing newsprint ; also box planking, bobbins
and’shuttering in building construction.

posts, poles, core of mué wall, firewood, fencing.

Straight stem with few small branches (pole quality)
mStraight stem with big side branches (small posts and firewood)

Tw;?ted stem with or'withaut branches (firewood)
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3.4.2 TINVENTORY FORM FOR MOUNDED PLANTATIONS

A field form used during the inventory of mounded plantatlon is ahown
in Appendix 1-A. ; frm 1

The data collection has followed the format and thé recording instruction

given for normal plantations (see 3.4.1 above) except for the following

specifications :

Columns New specifications
7,8 &9 . New numbering will start from 001 to 012.% L
10 Plot number. Now to be intended as heap number (individpal‘

mounded patch). There will be 4 heaps in one S.U. to be
numbered from 1 to 4. For every heap a new sheet has to be

filled up.
11 & 12 These columnswill have to be kept blank.
18 Plot size will be coded no. 3.
30 The height will be measured by Hypsometer for the tallest
tree of each heap (code 1). All the others will be estxmated
(code 2). T

.

Under "observation' will be marked )

1 - the dimensions of the S.U. according to sketch below. This will be
marked on the first sheet (first heap) of ‘each sampling unit onlye.

2 - on every sheet (heap) will be marked, per species, the number of
trees with diameter below Q.Ocm.

C:::D C==2

SlES TS e
_DGDCIDC
o o OO

LIV

a and b are the distances to be measured in the field for each S.U.

*mounded patches where measurement will be taken.

3.4.,3 'SAMPLE TREES FORM
A A field form used for sample trees data collection is shown 1n Appendix
-B. The followlng is a descr1pt1on of the columns cf the field ‘sheet.

Name of the Team leader is to be written on the rzght hand corner of the

field sheet.
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bescrigtion ; Codification

12 already filled in.

Deck
. ...Locality Code . . . As listed in Appendix 3.
ansaﬂplinganiti¢¢ .. . From 001 onward
; Plcé‘numberhul 1, 2 or 3
o Day.. .o | 01, 02 to 31
., Month . . . 01, 02 to 12
Year 86

the

0001, 0002 ..ee 9999

Serial number
See 3.4.1 above

‘Species. code
Tree number (in plot) 01, 02 .... 40

Total height in dm From 030dm to ....
Diameter in mm at 1.3m From 100mm tO ..
" o 2.0m Top diameter = 75mm
" oo 1 5.0m - do =
" "nomon L oo - do -
Mo mL"M " 5.0m - do -
" "nono"6.0m - do -
" "o 7.0m - do -
" monov 8.0m ~ do -

: " “ nwomn " B.Om - do -

«0.B. = Diametﬁr over bark, S.B.T. = Single bark thickness.

.I.B. = Diameter inside bark,D.B.T. = Double bark thickness.



A
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55 SAMPLING SIZE
A total of 113 sampling units (varying in 'size, according to spacing and

to plantation system) were distributed over the plantation areas. The system,

stratified random sampling, has followed the principles applied for the inventory

‘of Chittagong and Cox's Bazar plantations. Although C/A plantations are

comparatively simpler, considering the homogeneous type of plantation mainly

composed by two species only and the very narrow age-range, with 94% of the area
planted within the period 1975 - 1979. 5 « &
Sampling Units have been distributed over ‘the four Divisions proportionally

to the plantation area as follow :

No. of Sampling Units . C.A. Divisions
as Chittagong
4s . Noakhali
18 ©© ' Barisal
25 v " Patuakhali’

113 ”

' Additional data of 10 Sampling Units (eadhwcédﬁbééd by 5 x 0.01ha plots
along a line) collected by territorial officers of Gorokgata Range, Chittagong
Division and 16 SU.(norma1*§¢plofs system) from Patuakhali and Barisal
Divisions have been also used for co;pilation of results. A total of 773 Sample
trees have been measured, mainly from the sample plots, for the preparation of
volume functionse.

The sample trees, with'a minimum DBH of 10 cm, have been selected to cover

the widest range of diameter and height values for both main species, Keorsa

and Baen.
KEORA (SONNERATIA SPP.)

No. of trees o Division
91 T Chittagong
236 : Noakhali
133 | " Barisal

214 Patuakhali

‘67u
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BAEN (AVICENNIA SPP.)

No. of trees. ~ Division
v bmaly fel fua99“m dors mx Chittagong -and Noakhali
L e
Total = 773

Due to the average small size of Baen trees even when comparatively
ding 10cm DBH.

bold. only 57 trees were found within the sample plots excee

Consequently L2 more treas have been measured outside the sample plot area.
Contingent faetors such as avallablllty of 1nventory teams (only two teams

while other FD teams were engaged in

; available from FRI Inventory Division,
ities and limited duration of the field

- Sylhet invéh%bry);ﬂwatéﬁ-f?hhsport:facil
season during which plantation areas cou
\

V‘Iimitation*tO'thé&fiéld@programmé.

1d be reached have represented a

¥
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3.6 COMPILATION OF RESULTS

Sample plot and sample trees data have been recorded, checked and largely
processed by IBM System 34 computer at Bangladesh Agricultural Research Council
(BARC) and consequently transferred into S% inch diskettes to be used by
project's IMB Pc AT computer at Forest Department Dhaka.

List and description of data files produced is given in Appendix 2+

g Eah b . A,-’m 23 LT VY =
5 % : e . L

3.6.1 STAND PARAMETERS

gttt = § E L iy

Sample plot data have been analyzed to produce average values per stratum

‘*h L
RS N e o

by age classes and by individual year.

Average plot values have been used to give current MAI and actual
condition without thinning. . o W

With the specific objective of providing‘the newly established computerized
Resource Management System (RMS) with the required inputs, inventory data has

been used as follows ¢

- To produce provisional thinning and yield tables; measurements of the

" best plot trees have been analyzed to give diameter and height growth
functions of remaining trees (final crop =in a simulated thinning
regime). See provisional growth functions in Appendix 5.

- To provide each stand with the most location specific information,

average number of trecs per hectare, average DBH and average height

have been computed from the values of the nearest sampling units
covering the same forest stratum. '
In spite of all efforts to give location or stand specific parameter values,
as input to RMS, it has to be clearly stated that the sampling design followed

was not a stand by stand sampling as required by RMS, but a stratified random

system, therefore, at the proacnt atage, stand apecifications given in
Appendmxes 8 and 9 are to be: cons:dered 1ndicat1ve only and large variations

are to be expected. Such 1nformat10n. however, w111 improve w:th pre and post

operational sampling data collected as part of the thinning programme.

3.6.2 VOLUME FUNCTIONS

Sample trees data.-have been used to produce volume functions relating

total tree volume over bark (Vt) and volume under bark,up to 10cm top diameter

(V10), to DBH and total height.



17

.

, Owing to the very small average tre
value below 10cm) the. second function (vol U.B. at 10cm) based on the. present

data is not significant. Moreover. for plantation mainly aimed to produce
ortante.

e size (most strata have average DBH

fuelwood, the total volume over bark ~seems the more appropriate and imp

.&

Ten functiqns have been produced

Keora Vt for each Division (&)

Keora V10 for each Division )

Baen Vt for all Divxsions . (1) ' ‘
Baen Y19,fqg”a11fnivisions (1) .
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3.7 MAPPING AND AREA COMPILATION

The "Land Accretion and Plantation Map" prepared by‘SPARRSO'fbr th§
coastal belt and off-shore islands of the Country has been used as base-map

on which photointerpretation details have been transferred.

SPARRSO's maps has a scale of 1 : 10000, with a sheet format of 5 x 5
minutes. and has been based on photographlc enlargement of the same photographs

used for our stratification.

' ' et e i

The SPARRSO maps show features such as roads, embankments, channels

etc, accretion area divided into "stable" and "mud~f1ats"'and'plaﬁtation
areas divided into "old" and "young". The young plantation compartments show

individual year of establishment from 1981 to 1986.

The inventory stratification is largely located within the broad "old"
plantation area. The new stratification has been tranoforrod on the base map
by monoplotting system that, in the case of flat terraln, presents no diffi-

culties and good accuracy.
The final map shows all original SPARRSO's details and the stratification

of the maturing plantations. The index map in Append1x L nges sheet number

and location of all map series.

The 1980 plantation areas have been excluded from the year-wise SPARRSO'
survey and also from the stratification because they were too young to be reliably
classified by density classes on the 1983-8%4 photographs. However, according
t; F.D. index maps, 1980 plantation areas have been delineated on the map .
wherever possible and as accurately as possible, in relation to the surroﬁndlng
planted areas. Their boundaries were not clearly visible on the aerial
bhotographs and have not been surveyed. Their delineation has to be considered

indicative only.
All individual DLU's (Descreet Land Unit) have been numbered and listed

by Range for easy location and identification.

Many of these units, that are‘homogeneoua by density, species composition
and age, present irregular shapes which makes their delineatxon 1n ‘the field
difficult and, consequently, management prescription would be dlfficult to
implement.

To'partially solve this problem all DLU's have been grouped by contiguous
common yeaf of establishment. v 4

This has led, in most cases, to a delineation of the original compartment

that has lately differentiated into various density and species classes.
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Management prescriptiohs, such as thinning, will be applied to annual.

‘plantings therefore group-wise, and several density classes will eventually

be merged into broader and more rational units.

A full listhsfasuch age groups by Range is given in Appendix 9.

Area has been compiled and double checked for each DLU by Electronic

Planimetgr'and rounded to the nearest hectare.

Area of each "age group" as total of all DLU's included is given in

Appendix 3.
The maturing mangrove plantations (established prior 1980) have been

mapped on 6k map sheets of the SPARRSO's series.

The area is divided into over 1200 DLU homogeneous by density, species

14ha on average with dimensions that varies from 1ha to over 100ha.
~blocks

and age of
Such DLU's have been further grouped by age to form a total of 273 sub

of S5S5ha on average and more regular shapes.

i

e

o
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4, RESULTS AND COMMENTS

k.1 AREA BY STRATUM AND AGE

Area tabulation is given in the next few pages for the total project area
and by each Coastaerfforestation Division.

Strata are identified by density classes (1 = over 70% crown éo;ér;
2 =30 to 70%, 3 = less than 30%) and by main species (over 50% of species

composition

Species codes : K Keora
= Baen

G = Gewn

Ka = Kankra .
"M = Mounded plantations (Babul). | lli
The age marked with asterisks : &8¢ 7As. I8 represent the areas’ for

which a specific year of establishment could not be identified. Such areas

have been related only to the broad age class 6B, 7A and 7B.

k.1.1 COMMENTS ,

The total area (established prior 1980) amounts to 15,058 ha. This
represent the planted area visible on the 1984 aerial photographs. Plantations
which are too sparse to be delineated on the available photographs, eroded
away, destroyed by tidal bore, or encroached for shrimp cultivation, are
excludéd from the present tabulation. Although afforestation work started in
1967, 94% of all presently available planted area telongs to the age class 78,
which covers the planting period 1975-1979.

66% of the area, of density classes 1 and 2, represent the most successful
plantati;ns that need silvicultural treatment such ag'thinning to normalize
the production. The balance area of dénsity class 3, (34%) identifies the less

successful plantations, with a canopy too open to benefit from thinning

operationsg.
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4,2 AVERAGE STAND PARAMETER VALUES BY STRATUM AND AGE CLASS PER C/A
DIVISION

All results are based on field measurements of trees with DBH of & cm
or above from stands of density classes 1 and 2. SE¥ are given with 95%
confidence limit.

4.2.1 CHITTAGONG DIVISION

The plantations of Chittagong Division are composed of Baen (68%) Keora
(22%) and by the Babul dominated Mounded plantations (10%). X

The Mounded plantations are mainly located in the north part of the
Division,in Ranges Mirsarai and Sitakunda. They show stunted growth and can be
considered totally unproductive.

Keora plantat1ons have been established only on the northern part of the
Division. in Mirsarai, Sitakunda and Headquarter Ranges. Some Keora of natural
origin is available in Teknaf Range along Naf River.

Baen species (Avicennia officinalis, A. alba, A. marina etc.) are found
over the éll Division but two broad areas have been identified where Baen
appears to perform quite differently. The best stands are located on the
whnorthern part of the Division while the central and ‘southern part shov plantatzons
" with poor or stunted growth. The approximate boundary between these two broad
Bites can be located south of the mouth of Sangu River. For this reason average
values are given separately for Chittagong North gnd Chittagong_ South. . ‘
- AVERAGE STAND PARAMETER VALUES BY STRATUM AND AGﬁ CLASS
Chittagong Division North
(Ranges : 1-Mirsarai, 2-Sitakunda,
3-Headquarter and part 4-Bansichali)

Stratum an No. trees/ha - DBH Height Tot. Vol/ha
._ggg_glgae—/ ‘/h SE% |com |SP¥ | m ’SE% m- SE%
K78 | 1685 29 [9.1 111 | 2.9 | 11 | 49.0 30
2K7B 1000 43 8.2 |28 | 6.5 | 35 | 21.5 78
1B7B 2309 30 | 8.4 (16 | 6.1 [ 11 cf . 62k | kb
2B7B ' 1050 7 |sols8 |43 | 5 | 9.8 | 8

1/ Stratum indicates : density (1 = over 70%, 2 = 30 to 70%) ; dom?nant speoies
(K = Keora,~B-= Baen, M = Mounded plantation). Age class : 7A =" '70 « 74,

7B ='75 - '79

nu
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~© AVERAGE STAND PARAMETER VALUES BY STRATUM AND AGE CLASS
‘ ~ Chittagong Division South
- (Ranges : - Part U4-Banskhali, 5-Kutubdia,

e et 6-Gorokgata. 7-Teknaf)

ktr&t\ﬂ ani/ No. treos/ha DBH HCisht Tot. Vol/ha
.sxs_sle_t :
. .| SE% | cm |[SE¥ | m SE% m” SE®
"‘aBpa’ | 1397 28 | 5.6 (12 | 3.8 18 18.1 47
1B7B 1364 | 59 |S.1| 6 | 3.9 16 17.0 73
“2780 | 1050 | 7 [5.048 | k3] 5 9.8 84

~The high SB¥% values are due to the high diversity of the stands even
- within a linzted area as a result of total lack of management.

Baon plantations of Chittagong South are extremely dense. The values given
concern only the trees exceeding 4 cm of DBH while there are approximately

2000 trees/ha with DBH below 4 cm in all age classes. |

Several areas of Baen in Gorokgata Range(DLU 83 to 86 and 89 to 93,
year 1977) ‘show extremely high densxty and stunted grovth with an average of
5800 trees/ha ; all below 4 cm DBH.

Mean Annual Increment (MAI) for

.. plantations of density class 1.

T

Age elasses

7A . 7B
Keora (North) - B o 5.8 m>/ha/year
Baen (North) . - B 6.9 m3/ha/year

Baen;(south) 13 m3/ha/year 1.9 m>/ha/year

Sead gl !

g u 2.2 NOAKHALI vaxsxou

Noakhali plantations are mainly composed of Keora (67%) and the Babul

', dominated Mounded plantat1on (18%). The balance area is covered with some Baen"J

and very poor Gewa and Kankra stands.
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AVERAGE STAND PARAMETER VALUES BY
STRATUM AND AGE CLASS

St"t“; ’”d;l/ No. trees/ha DBH Height | Tot. Vol/ha
SE% | cm SE¥ m SE% m- SE%
1K7A 2172 20 |9.3 | 10 8.4 9 69.4 . 19 |[Yr. '74
Z'K?A 1717 - 902 ) - 8-8 - ; 5?.3 i N- ; ¢
1K7B 2475 | 13 |8.9 |10 | 83| 8 |68.6 15
2K7B 1786 36 18.6 | 15 73 |1 |40 | 35
1B/K7A 150 | 27 h1.1 |25 | 8.2 [20 | 99.9 22 |Yr.'72,'73

MOUNDED PLANTATION

A W

F:;:t:;a::dl/ No. trees/ha DBH | Height | Tot. Vol/h
» SE% | cm SE% m- SE% | m° |

1 & 2M7B 1177 23 [ 7.8 | 16 ‘ 5.6 | 16 | 27.2* -

3M7B 705 28 | 6.3 8 4,3 5 11.0" -

* These volume values are indicative only since volume fuhction)for Hqﬁnded.\u

Plantation species (ﬁainly Babul) are not available.

4.,2.,3 BARISAL DIVISION

,/"

‘Barisal plantations are mainly composed of Keora of the!age class
7B (67%). The balance area is covered by very poor or totally failed Kankra

and Gewa plantations located in Monpura‘ Range.

" AVERAGE STAND PARAMETER VALUES
BY STRATUM AND AGE CLASS

IStratum andl/ No. trees/ha . DBH Heighf 25 Tote Vél/ha;g
| age class _ -
SE% | cm | SE% m SE¥ | o’ SE%
= , Limited
K74 | 750 - | 16.2 - 13.2| - | 86.6 RTEETY a;::,;r.'7“
K7B 2135 | 26 | 10.9] 18 | 8.9|-1h- | 745 20
2K7B .. 1143 20 | 12.6] 11 | 9.5[ 16 |62:8 7| 21"

Average MA@ for Keora of density class 1 is 7.5 m3/ha/year.

over 0%, 2 = 30 to 70%) : dominant species

1/ Stratum indicates : density (1 =
&A = '70 - ‘74,

(K = Keord, B = Baen, M = Mounded plantation). Age class :

&R = 175 = '79.
L . H
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h 2.4 PATUAKHALI DIVISION
Patuakhali plantations are composed by 99% of Keora of the age class 7B.

irirlp o 6o ©oand dusbr
" T VERASE STAND PARAMETER VALUES

i STRATUM AND AGE CLASS

Stratumand ] - s o ‘ , |
aie class_/ No. trees/ha DBH Height Tot. Vol/ha
SE% | em SE% m SEX | m> SE% |

w78 - | .} 2380 21 | 10.4 |12 9.7 | 1M 87 19

Average MAI/*for Keora of density 1 is 9.h m3/ha/year.
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L,3 "CLUMP" TABLE ' ) L -

The siltation process over the young plantation often induces the
indlvmdually pPlanted saplings to produce strong side branches that, with the
continuation of the process, develop into semi-independent trees in a clump.

S 7

ew‘soilmwgﬂ,
levels

N
e e

Within sampled area all trees with DBH of 4 cm or above have been measure

whether individual or part of a clump but coded accordingly. The table below !
shows that about ﬁ-of all trees presently available in the plantation are part

of clumps developed from individual saplings..

MCLUMP" TABLE
KEORA
Tot. no. | Individual Clump No. of | Trees per
' - trees no.| % | trees no.| % | clumps clump
Tot. Ctg. | 498 339 68 159 |32 68 2.3
Tot. Noak 2164 149l 69 670 31 308 2.2
Tot. Bar 997 762 2 235 |24| 108 |1 2.2
Tot. Pat 1566 1360 |87 206 |13 91 2.3
Gran. Tot | 5225 3955 |76] 1270 2w 575 | 2.2
. BAEN
Tot. Ctg. 537 370 69 167 31| 72 2.3
Tot. Noak 79 729 f1od - |- - -
Gran. Tot 616 hl9 73 167 27 72 "2.3
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» 4.4 STEM QUALITY BY SPECIES AND COASTAL DIVISION
As explained 1n 3.# 1, a atem quality assessment has beqn made for each

"
-

% neasured ‘tree according to the following classes :

Quality classes e A
= Straight etem with fev small branches - Pole quality.

1
2 = Straight atem with big side branches - small post and firewood.
3 a Twisted Btem with or without branches - firewood.
b ‘é Damaged stem - firewood..
‘Results‘:

-~ NUMBER OF TREES BY STEM QUALITY AND COASTAL DIVISION

Species : Keora

‘Quale 1 |Qual. 2 | Qual. 3 | Qual. k4
No. % NQO ; * No. % No. %

Chittagong | 230 |46 | 51 10| 209 |42 | 8 |2
Noskhali | 1469 [68 | 506 123} 156 | -7 | 33 | 2

Barisal 616 |62 | 206 [21] 103 |10 [ 72 | 7
Patuakhali | 998 |64 | 295 |19| 247 |16 | 26| 1
Total 3313 |63./1058;[20 | 715 {14 [139 | 3

Species : Baen

Chittagong| 223 |42 [-106 |20| 206 {38 | 2 | -

Noakhali 20|25 | 27 |34| z0(38]| 2|3
Total | 2u3.[39 | 133 |22| 236{38 | % |1

Overall stem quality seems to be good, especially cons1der1ng
that thinning can further improve thw situation. Keora and Baen in Chittagong

show, however, a condition poorer than Keora of the other Divisions.
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4.5 SANITARY CONDITIONS

During the first reconnaissance of mangrove plantation of Chittagong
Division areas with premature mortality were noticed in Keora atanda,o£‘8 to

10 years.

To provide information on the consistency and location‘of the phenoaeno
all trees in the sample have been coded for sanitary aspect in the following °

- 8 J

classes : : t {

- Sound e eplia b :
- Diseased (fungi, insect attack.:iéar loss etc.)
Dying crown side branches '

- Top dying

- Dead

VI &S W N A
[ ]

Exampleé of the various sanitary conditions are shown in the following
field photographs : o

.
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Exémple of borer attack, sanitary aspect 2.
Barisal C/A Division Kukrimukri Range.
Keora 76 wind damaged stand.
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‘‘‘‘‘‘ and L. Chittagong C/A Division Sitskunda Range. -
Keora 1976.

Lo . Exam%le of sanitary aspect 4 and!S. Ctg. C/A
famuisg Division. Sitakunda Range. Keora 1976.




.“7";: {The tables below ’give the resul-iﬁ ot

Coaatal Division and Specxes.
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'CHITTAGONG DIVISION e
Sanitary Aspect :
BT g 7 72 73 74|75 '77 78 79 Tot.:

1 Sound ’ 27|18 |10 |81 ]| 22
2 Diseased : 24 | 35 |68 |46
3 Dying side branches 130113 |21 |12] 20
4 Top dying 17 }Bh 1{ 1| 3
S Dead .81 - - o -3
NOAKHALI DIVISION
1 Sound w00 |92 |71 |78 | 79| 80 |9 |93 84

| 2 Diseased TRV ARCA REN LN N Bk
3 Dying side branches - | &l 9] ] 2 30 1 1 3
4 Top dying - vl 23 2 31 1] 1
5 Dead e a3l 3 - 1
BARISAL DIVISION e
1 Sound ,: ©lofegiss | 67 |75 |79 ©°
2 Diseased 2| of26f11|18]ar]
3 Dying side branches kil 12 k)6 1) - 5
L Top dying 1l aela] s~ 9
5 Dead 5 5| 21 - 3
PATUAKHALI DIVISION K ' o
1 Sound ! 67 |97 [ou| 87
2 Diseased 3 L 4j2o} -3 5
3 Dying side ‘branches gl w9 1] - L
L Top dying Sl 3 ‘i 21 2 3
5 Dead o yl 1l - -1 7 1.
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SANITARY ASPECT OF BAEN BY YEAR OF PLANTING
“* " (VALUES IN PER(‘ENTAGE)

i TN - £ i 3 EESTa s

“CHITTAGONG DIVISION

Sanitary Aspect - Year of establishment

T el |m2 |73 | |75 |76 {77 |78 79 Tot-

Sound 69 100100189 | 86 | 91 [100] 86
Discased 21 - - 2110 51| - 9
Dying side branches | - ol =t=-t121-1- 1
top daying - |0 1ot ul 2l ] -]
Dead - el -l=-}=-1-1- -

As evident from the tables above the condition can be considered critical

only for Keora of Chittagong Division where the percentage values show a definite

. trend of deterioration with age. The diagram below shows the variation of the .

combined percentage values for classes 1 and 2 and of combined percentage values

for classes 3, 4 and'5 in relation to age. Classes 1 and 2 have been combined
under the consideration that though partially affected the situation is posably

reversible. Classes 3, y and 5 ‘have been combined under the. consideration that

the situation is probably irreverSible.
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It is clear from field observations that the sanitary condition tends to

deteriorate with the distance from the water (sea tront, tide canals etc.).

Seasonal defoliation of Keora is a frequent phenomenon that can affect
large areas in late winter period, sometimes giving the impression of a dead
forest. The plants, however, do not seem to éuffer,huch;from thé ieaf loss )

and reproduce a full healthy crown with the first monsoon rains.

Borer attack can present a much more serious problem. Large areas of
Keora such as in Kukr1 Mukri Island already show consmstent borer attack,

At this time 1ttendsto affect mainly the wind damaged and consequently
but in the future it could threaten larger areas reducing the

weakened stands,
growth and the quality of the produce -

Under the guidance of FRI Soil Science Division.“soil éamples have been =
taken  from the sampled arcas nt different deptha with the pﬁrpoeo of verifying

a possible link between the soil characteristics and the sanitary conditions

of the plantations. . cone o {

Results of soil samples analysis given in Appendix 6, show, however, that

soil characteristics alone cannot be considered responsible of the various

sanitary conditions of the plantations. A certain dlfference in Bulk den51ty

(gm/cc) has been noticed between the soil near the charas and the soil of

higher areas but still w1th1n a range that cannot account for premature mortality.

It is likely that the most important factor to determine ‘the rrowth and

sanitary condition of Keora stands lies with the site Spec1f1c depth and .

duration of tidal flooding.
s that

Weakened stands tend to be easy targets for pathogen“brganism il
eport of %Gm

become the direct cause of trees mortality. Anpendlx 6 contains a r

FRI Forest Protection Division on the fungal agent of crown branch death on

Keora of North Chittagong.

et g

4.6 VOLUME FUNCTIONS FOR KEORA AND BAEN

nal stem—dxameter and bark- thickness measurementq '55
)y 1nd1v1dua1

From 1 metre sectio
on 773 sample trees (674 Keora and 99 Baen ; see 3.5 page

tree volumes were calculated and related to DBH (D) and tree Height (H).

Multiple regression analysis was done for two type of volumes :@

(i) Total Volume (Vt) : including bark and stem top, bnt exclud1ng branches.

(ii) Volume to 10 cm : stem volume to 10 cm sectional’ dlameter, excluding

bark and branchese.
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Following are the derived regression equationsg @
(‘i) vt = TOTAL VOLUME

" Keora by C/A Division
®Y W

K-Ctg 1n Vt = =8.66152 + 1.58656x 1n D.+ 0. 77152x 1n H (0.98) (91)
K-Noa 1n Vt = =9.29715 + 1.7051kx 1n B + 0.95088x In H (0.98) (236
K-Bar 1n Vt = -9.23507 + 1.69673x1n D + 0.92309x 1n H (0.98) (133)
K-Pat 1n Vt = —8.75215 + 1.75034x 1n D + 0.64233x 1n H (0.92) (214)

g B | ' (674)

Baen for all C/A Divisions
(R) (n)

B-all ln vVt = -7, 33298 + 1.56418 1n D + O. 204&3 in H (0. 82) (99)

(ii) V10 = VOLUME INSIDE BARK TO 10 CM TOP DIAMETER

Keora by C/A Division

K-Ctg 1n V10 = -13.63792 + 2.73639 1n D + 1.30860 1n H (o(.éz)8) ((9n1))
K-Noa 1n V10 = =19.62856 + 4.04311 1n D + 2.37599 1n H (0.72) (236)
K-Bar 1n V10 = -15.69425 + 3.15776 1n D + 1.67549 1n H (0.85) (133)
'K-Pat 1n V10 = _-1'4.33283 + 3,60540 1n D + 0.51765 1n H (0.75) (214)

(674)

Baen for all C/A Divisions

" B-all 1{1' V10 = =11.16265 + 2.78288 1n D + 0.22273 1n H (0.73) (99)

For Fhe present report only Total Volume (Vt) functions have been used
under the consideration that the average tree size is too small to produce
_any significant "commercial" volume (V10). Poles, posts and firewood are the '

main produces of the plantations at this stage.

1/ R = Multiple correlation coefficient

2/ n = Number of sample trees
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4,7 STAND PARAMETERS IN RELATION TO AGE. AN. INDICATION:OF GROWTH -+

The following graphs relate aampling unit average values of DBH, Height
and No. of trees/ha to the age of the stands at the time of sampling. These
cannot be considered ‘growth curves because they do not represent the same
stands at different ages (as for permanent sample pfbts), but different stands
at different ages and in locations sometimes far apart. Another limitation is
given by the narrow age ranges, in most cases oniy 6 years wide. Data
eﬁfrapolated from such a narrow 'period of observation" must be used very
darefully even for short rotation species.

Nevertheless it is possible to delineate broad areas where the species
analized show different growth tendencies. Keora appear to grow better, and
hence to support longer rotation per1ods,’on the western areas grossly
identifiable by the Divisions of Barisal and Patuakhali,while growth appear
to slow down already at the age of 10 to 12 years on the eastern areas of
Noakhali and Chittagong Divisions (Meghna and Feni river deltas). ,

Baen, that has been consistently planted only in Chittagong Division
shows reasonable growth in the northern part from Feni Rlver to oangu River,
while it shows poor or no growth at all on the southern area.

Lack of silvicultural treatments,such as early spacing of broadcast sown
areas in concomitance with less favourable ecological conditions,are responsible
for such a poor performance.

‘This also explain the totally irrational stocking of many southern Baen

areas which makes,at present,a relation between No. ‘of trees/ha and age

completely meanlnyless. Lo R 08 e, ey R
R A R & \m‘.’. 1 Tih A iV

Based on above considerations and with the purpose of supplying the
computerized Resource Management System with growth models, a set of provisional

growth functions have been developed from individual tree measurements and
age for Keora and Baen. '

Functiona and graphs are given in Appendix 5.
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