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Abstract

The rubber tree (Hevea brasilionsis) is considered one
of the moast important tndustrial plants, With a view of
industrial essence. natural ribber production showdd be
planned  carcfully  becawse @t i sustainable  and
renewable natural resources which cultivation creates
positive tmpact te economic, secial and envivanmmental
perspectives,  Warldwide, the use of rubber products is
fuige and tncreasing its demand day by dav. A huge
amonint of products fave been made as their basic
ingredient from rubber. The widely wsed items are car
tires, shoes, rubber bottles, pencil ¢rasers, resin, gum,
children toys, industrial products, medical producs eec,
Research has shown thar the demand for natural rulber
fuas been increased by 3% cvery year, I this increasing
demand Is not addressed properly, ic could be lose the
Sfinanclal returns as well as it will create move pressure
ot forests,  biodiversity  and  aericultural land,
Bangladesh fuas been started conmmercial culthvation of
ritliber since P981 Ar presenr, aloue TO3,004 aores of
fand iy under rublher plantation v Bangladesh and
anmnual production s about 20,000 merric tons against
0,000 meteic tons county s total demand of watiural
rliber (NR). A miajor concern of Bangladesh rubber (s
its dow vield production as well as the volatility of
rulber prive, Bangladesh is wying traditicral conditions
af rubber plantations aud ouwr masine produciion 1S
about 506 kethadvear onle In onder 1o ensure
sustalnabiline of rubber industry, (tis peeded te increase

the. vield production. Therefore, the develepment and
expuiision of rubber, svstemarlc research is cssential 1o
improve the present vield productivity, So, it s advised
te manage good aericnleral practices such as planting
with certified  high yield clopes, reduce wastages
thivugh proper lutex harvesting technology and ensnre
figh quality of their product e meer the consumer
demands, It is also (mportant o address the current
phase of indusirial revolution, B, rexeworch and
development must be fnfensified with emphasis on
component of the indistrial revalutton expecially in the
dirwnstream aotivifies (o (Reredse conswnpiion through
muntifaciiring of rubber based products. fn addition,
the witlization of rubber wopd in furmicure and the
building industry has been given extra benefits and alse
demands fts priority.
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T e (Hevea brasiliensis) 3’?’@71" T BEATHINT ST
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History and domestication of natural
rubber

Hevea brasiliensis 18 one of the recently
domesticated crops in the world. Before the
commercial cultivation of H. brasiliensis
started, the major sources of natural rubber
were Ficus elastica and Castilla elastica
which grew wild m the forests of Central and
South America, India, Africa, Madagascar ete,
In India, the major contribution was from £
elastica (Assam rubber). The rubber was
promoted as a plantation agriculture crop in
South East Asia to feed raw material for the
rubber based industries located in Europe in
late 19" Century (Thomas and Panikkar
2000). Attempts to domesticate /. brasiliensis
in the South East Asia were started with the
arrival of 2000 seeds, collected from the
centre of origin at Kew gardens, Kew, during
June 1873, The initial attempt to propagate
these plants through cutting failed as the
climate was unfavorable. Later a shipment of
1919 seedlings packed in portable greenhouses
was sent to Ceylon of which 90% survived; of
these 18 seedlings were sent to the Botanic

Gardens at Bogor, Indonesia and only two
survived. Fifty seedlings were sent to
Singapore and only one survived (Decan
1987). During 1876, seedlings from Kew
Gardens were received in Sri Lanka, Java,
Singapore and subsequently Malaya and
another 22 plants were sent to Singapore in
1877 (Wycherley 1959), During the early
days of rubber cultivation, Sri Lanka became
the centre of activity with the Heneratgoda
Botanie Gardens in Colombo being the major
supplier of rubber seeds and seedlings for
domestic distribution and for export.

Economic importance

Hevea brasiliensis 1s the major source of
commercial natural rubber. Chemically,
natural rubber 1s c1s- 1 4-polyisoprene, having
molecular weight ranging from 200,000 to
8000000 and with viscoelastic properties.
MNatural rubber produced in the milky
cytoplasm (latex) of specialized cells called
laticifers, 1s one of the most important
biological macromolecule, used as industrial
raw material for the manufacture of about
50,000 products, Although natural rubber has
been found in the latex of over 2.000 plant
species belonging to 311 genera of 79
families, H. brasiliensis remains the only
cultivated species as commercial source of
natural rubber because of its abundance in
latex. high quality and convenience of
harvesting. The higher strength, low heat
buildup and better resistance to wear and flex
cracking make natural rubber a suitable raw
material for manufacture of automobile tyres.
A major quantity of natural rubber produced is
consumed by the automobile tyre mdustry.
Natural rubber is a good insulator and can be
easily manipulated. Being water resistant, it
finds use in the manufacture of water proofing
materials. In addition to automobile tyres,
more than 50,000 rubber based products such
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as hand gloves, toys, balloons, hoses,
footwear, etc. are manufactured from rubber.
It is also uscful in soil stabilization, in
vibration absorption, road surfacing etc. There
is hardly any segment of life. which does not
make use of rubber-based material. The
economic production of latex is for about
30-35 years, after which the old rubber trees
arc felled and become a source of timber.
Rubber wood has  high environmental
acceptability both in  domestic and
international markets. Processed rubber wood
has a wide range of applications like furniture,
panelling, table top., flooring, houschold
articles ete. The estimated total availability of
rubber wood was 2.30 million m' during
2012- 2013, of which, stem wood accounted
for 1.38 million m'. Rubber tree is also a
source of nectar. It is found at the extra {loral
nectary glands at the end of the petiole where
the leaflets join, Honey can be collected by
maintaining hives in the rubber plantations.
However, nectar is produced by the rubber
plants only for a short period in a yvear, when
refoliation occurs. Rubber seed 15 a minor
source of non-edible o1l m India. Seed
production is not stable every year. An
estimated 45,000 tons of seeds are produced
in a year. But only a fraction of the seeds are
collected and processed. About 10% of the
collected seeds are used for raising stock
seedlings.

Establishment of rubber plantations in
Bangladesh

Bangladesh 1s a country of the north-eastern
part of the South Asia. It lies between 20034
to 26"38" N latitudes and 8801 to 92°41" E
longitudes (Rashid 2001). The country
consists mostly of flood plains (B0%) with
some hilly areas (12%), with a sub-tropical
monsoon climate (Islam 2003). It shares
boundary on the west, the north and the

north-cast side with India, in the Southeast
with Myanmar, and the Bay of Bengal in the
South. Bangladesh has an agrarian economy
with 21.77% of GDP coming from the
agriculture, forestry and fisheries sectors
(BBS 2004). Major agricultural products are
rice, jute, wheat, potato, pulses, tobacco, tea
and sugarcane. The country is the largest
exporter of jute and jute products in the world.
Readymade garments occupy the topmost
position among the exportable items. Tea
frozen shrimps, fish, leather goods, flowers
and vegetables, ceramic-ware and handicrafis
are also  major export commodities.
Bangladesh has undergone a major shift in its
economic philosophy and management in
recent years. The government is working
towards upgrading the living standard of the
people by meeting their basic needs and is
determined to ensure health for all within the
shortest possible time. Considerable progress
has been achieved in Bangladesh in the fields
of health and family welfare. Primary
healthcare has been expanded throughout the
country. Infant mortality rates have come
down dramatically, The annual GDP (Gross
Domestic Product) growth rate of the country
is 7.11 and per capita GDP is1093.05 USD.
ILO (2015) and UNDP (2015) observed that,
poverty alleviation strategics and sustainable
development  plans  especially  in rural
communitics have become major challenges
for many governments worldwide (Sythud et
al. 2015). Hence for many countrics
especially in Southeast Asia, natural rubber
(L brasiliensis) cultivation in extensive
plantations has been advocated as a means (o
alleviate poverty and foster rural development
(Dwyer 2007, AFP 2009). AFP (2009) and
Ziegler et al. (2009) described that, in Laos
for instance; areas planted with rubber will
skyrocket from approximately 27,000 hectare
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(ha.) in 2007 to 195,000 ha in 2010, as a result
of foreign direct investments (FDIs) from
China and Vietnam, Additionally, Dwyer
(2007) and AFP (2009) predicted that, the
area of land dedicated to rubber and other
farming systems could more than double or
triple by 2030, replacing lands currently
occupied by evergreen broadleal trees and
sccondary  vegetation growing in  arcas
subjected to slash-und-burm farming.

Over the last decade. rubber cultivation has
expanded rapidly throughout South-East Asia
in order to meet demand for natural rubber,
especially in expanding economies such as
China and India (Ziegler et al. 2009 Sturgeon
2010). Asia continues to dominate the world
supply of natural rubber, with 93% of total
world production in 2013 (IHS 2014,
Vongkhamheng er al. 2016). The three largest
countries producing natural rubber in 2013
were Thailand, Indonesia and Vietnam,
Thailand has been the world’s largest
producer of natural rubber since 1993,
accounting for 34% of world production in
2013, with Indonesia accounting for 26%
while Vietnam is the third-largest producer
(IHS 2014). Malaysia, which accounted for
32% of world production in 1988 has shifted
its  emphasis to other crops and
non-agricultural investment sand produced
only 6.9% of the world total by 2013 (IHS
2014; Vongkhamheng et al. 2016). Natural
rubber plays an important role in ¢conomic
growth and sustainable development of a
country, The tree also serves as a source of
timber. fuel and shade-tree on many farms. It
is thus important in farm management and
poverty alleviation for rural communities.
Bangladesh, being a land ol agriculture, could
prosper in the plantation of rubber, since the
climate provides a very appropriate base for
producing natural rubber in the country. The
British planters first introduced rubber in

Bangladesh in the carly twenticth century. But
commercial plantation was started in 1961 by
the government in Chittagong and Sylhet hilly
regions. Later on, plantations were expanded
in Chittagong Hill Tracts and Madhupur by
the government and public enterprises. The
British and some other private companies also
planted rubber in the fallow lands of tea
estates. At present about 103,004 acres of
land is under rubber plantation in Bangladesh,
and annual production 15 about 20,000 metric
tons against 30,000 metric tons country's total
demand of natural rubber (NR). However,
though the government has been encouraging
plantations in the hilly areas since 1980 due to
this favorable condition, so far, only about
45,000 acres of land have been allotted to the
government sector and 32,500 acres to private
owners for rubber plantations. Considering
high productivity, storage, transportation and
marketing  facilities. the  government
encouraged its plantation with financial
support: land allotment and foreign technical
assistance. Public and private enterprises
established plantations in  different  hilly
regions and commercial exploitation started
successfully within  seventh years of
plantation, The growth and latex flow is also
very encouraging. Since maintenance and
processing cost is relatively very low and a
good price of rubber prevailed till 1996, it was
considered an important crop with high
potentiality.

In this study, it has been described the bright
prospect of natural rubber cultivation In
Bangladesh to improve the socio-cconomy of
small  holders  while  assessing  its
environmental impacts. Here considered
some challenges and their probable solutions.
It is observed that, with adequate and effective
management and proper sustainable planning,
rubber cultivation would be a way of breaking
the poverty nexus and ccological impacts that
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arise. The especial biophysical characteristics
of rubber tree and its natural potentials were
cvaluated. After that the social and cconomic
advantages/potentials of rubber cultivation
were also reviewed, It was explored the
probable socioeconomic and ecological
impacts of rubber cultivation which is arise
from the cultivation and establishment
practices of natural rubber plantations.

Potential and prospect of natural rubber
cultivation in Bangladesh

The prime source of commercial rubber,
Hevea brasiliensis  (Muell. Arg) is a
deciduous perennial tree of the family
Euphorbiaceae. The constituent of natural
rubber derived from Hevea is  cis-l,
4-polyisoprene (CsHy) n, where n may range
from 150 to 2,000,000 (Pushparajah 2001}, In
H. brasiliensis, rubber biosynthesis takes
place on the surface ol rubber particles
suspended in the latex (the cytoplasm of
laticifers). The laticifers are specialized
vessels that are located adjacent to the phloem
of the rubber tree. When severed during
tapping, the high turgor pressure inside the
laticifers expels latex containing 30-50%
(wiw) eis-1 4-polyisoprene. The economic
lite period of rubber trees in plantations 15
around 32 years up to 7 years of immature
phase and about 25 years of productive phase.
The scientific advancement through the
discovery of vulcanmization by Good year in
1839 adjudged rubber as a prime industrial
commodity wiich had been unknown to
mankind for over 450 years, since Christopher
Columbus gave the first description of rubber
in the 15" century (Priyadarshan and Clement-
Demange 2004), Hevea trees descended from
seedhings transplanted from Brazil to South
East Asia that have undergone several cycles
of breeding are now the prime source of the
modern world’s natural rubber. Natural rubber

is produced in South East Asia (92%), Africa
(6%), and Latin America (2% ) (Venkatachalam
ef al. 201 3). The main natural rubber producing
countries are by descending order., Vietnam,
Thailand (3.09 million tons in 2008),
Indonesia, Malaysia, India, China and also
Cote d’Ivoire, Liberia, Sri Lanka. Brazil,
Philippimes. Cameroon. Nigeria, Cambodia,
Guatemala, Myanmar, Ghana, the Democratic
Republic of Congo. Gabon, and Papua New
Guinea. (Venkatachalam er al, 2013), First
attempt to grow rubber in Bangladesh was
made in 1952 when Forest Department
planted some thousands of seed and budded
stamps in Chittagong imported from Malaysia
and Sri Lanka.

In 1959, FAO expert investigated the
possibilities of producing rubber in large scale
and recommended to cultivate rubber
extensively., In the year 1959, Bangladesh
Forest Industries Development Corporation
(the then EPIDC) was established. In 1962
Forest Department handed over Rubber
Planting Activities to BFIDC. Under the
agreement signed between the Govt, of the
then East Pakistan (now Bangladesh) and
EPIDC (now BFIDC) on 13-04-1963 and
BFIDC was mandated to get forest land on
lease to raise Rubber Garden (BFIDC 2016).
In Greater Chattogram, CHTs', Sylhet and
Mymensingh arcas, rubber plantations play a
vital role in creating natural resources for
economic development. Under BFIDC, from
45,000 acres of rubber plants in 16 rubber
plantations produce rubber. About 32.500
acres  have been  distributed among
small private entreprencurs to organize
rubber plantation (BFIDC  2016). The
rubber cultivation areas are shown in Table 1.
The rubber produced in Bangladesh can be
used in making tires and tubes, sandals and
shoes, hose pipes, washers ete. These products
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Table 1. Total rubber cultivation in public and private sectors of Bangladesh,

SI. No Name Location of rubber plantation | Area (acres)
| State-owned companies Chattogram, CHTs, Cox'sBazar, | 36,654
Svlhet, Mymensingh, Tangzail
2 Private entrepreneurs Chattogram, CHTSs, Cox'sBazar 32,550
3 Chattogram Hill Tracts Bandarban, Rangamati and Khagrachari | 13,000
4 Tea state and smallholder | Chattogram, Sylhet 20,800
farmers |
Total = 103,004

of high quality can replace imported rubber
products, The entreprencurs therefore must be
encouraged by bank loans, and proper training
of the workers [or production of rubber and
processing. The Ministry of Environment,
Forest and Climate Change of Bangladesh can
inspire  the entreprencurs with  proper
government help to make rubber a leading
product in country and also for exports. The
rubber  production  of Bangladesh in
government sector has been shown in Table 2.
It should be mentioned here that, natural
rubber is the raw material for tyres and tubes
of automobiles. bi-cvele and  rickshaw,
footwear, belts and hoses, latex foam, cables
and wires, battery boxes, gloves, coats and
aprons, air bags, life jackets and life buoys,
adhesives, balloons and toys etc. and it is also
essential for processing synthetic rubber.
Therefore, the future of rubber is very bright
in terms of rubber industry. Besides, rubber
plants have many other uses: ifs timber 1s a
good source of high valued furniture. In this
respect, Bangladesh Forest Research Institute

Table 2. Natural rubber production in Bangladesh.

(BFRI) developed some noble technologies
for treatment of rubber wood to maxinuze 1ty
uses in furniture industries. The technologies
have been transferred among the government
and private stakeholders. Bangladesh Forest
Industry Development Corporation (BFIDC)
has been using this technology for rubber
wood treatment. Rubber seed kemel is used
for extraction of oil, which is abundantly used
as lubricant, and for soap and paint industries
and the cake as a good fertilizes and poultry
feed. Bangladesh Forest Rescarch Institute
also developed the technologies for extraction
of ail from rubber seed as well as it can be
used as a good food for poultry farm, Mature
rubber plantations are the potential source of
honey. Honeybees collect large quantitics of
nectar from extra floral nectarines at the
swollen tip of the petiole. Affluent or latex
processing wastes and residues can be used as
fertilizer and making biogas for power. Every
year fallen leaves add 6 to 7 tons per hectare
of biomass { Rahman 2006). Morecover, rubber

Year Total/MT= Sell /MT* Amount /BDT*
2014-2015 4 837 4518.44 4%.51,69,266.00
2015-2016 6,752 497749 68, 87,62,209.00
2016 -2017 6,940 5.967.85 78,37,15,147.00
2017-2018 5,992 5.649.36 67.73,95,767.00

*MT=Metric tons, *BDT=Bungladesh currency in taka

Source: Bangladesh Forest Industries Development Corporation (BFIDC)
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roots make a very good net spreading in the
top soil up to a depth 1 to 1.5 m and increase
the porosity of the soil. Rubber is a very
useful crop preferred as a fast growing
multi-purpose species for quick afforestation.
Rubber plant is capable of storing carbon in a
higher rate in comparison to many other tree
species. In Bangladesh, the rubber plantations
can be a remarkable source of carbon trading.
Overall, rubber planting generates the highest
economic and social benefits in terms of
profitability, employment, foreign exchange
savings, land use and a positive environmental
impact. Properly managed plantations are
self-sustainable ecosystems and could maintain
a fair degree of biodiversity. Rubber plantations
do support different plant species as well.

1. Socio-economic impact of the sector

Rubber cultivation can generate significant
increases of household income and reduce the
poverty of local communities. Three types of
rubber producers in Bangladesh such as
state-owned companics, private entreprencurs
and smallholder farmers. Smallholders comprise
99.19% of the growers as the total number
5204 (Table 3). Smallholders comprise
between 20 and 40% in Laos, Cambodia and
Vietnam, 50% in China and about 90% in
Myanmar and Thailand (Fox and Castella
2013). All small holders are playing active
role in the value chain of rubber production.

According to BFIDC. in 2012, Bangladesh
produced 24,000 tons of rubber, out of which
60% (worth BDT 334 core) was consumed by
the local market and the rest 9600 tons were
exported for a sum of BDT 220 core.
According to the Export Promotion Bureau
(EPB). from July 2013 to January 2014, the
rubber export revenue was USD 10.06
million. whereas the expected figures were
USD 5.71 million.

2. Environmental impact

The rubber plantation can be considered as a
significant contributors towards reducing
global warming through carbon sequestration
(Cheng et al. 2007), Rubber plantations
establishment could result in a significant
reduction in carbon biomass, desiccate the
region’s water systems. Properly managed
rubber plantations that are supplied with
sufficient amounts of fertilizer have a high
potential to act as a continuous sink for
atmospheric carbon dioxide. This i1s mainly
due to their high sequestration rates and the
fact that there is a constant export out of the
production system by means of tapping. A 30
years lifetime carbon sequestration of rubber
plantation is about 574 ton/ha/30 (Cheng er al.
2007). Comparing this to the sequestration
rates of rain forests and secondary forests on
the high productivity of a rubber plantation

Table 3. Current structure of rubber industry in Bangladesh.

Sk No. ltems No./Value
1 Number of farmers 5204
2 Percentage (%) of smallholders 99, 19%,
3 Number of traders I . . 13
4 Number of factories processing TSR/Centrifuged Latex/RSS T0
5 No. of groups and cooperatives involve in rubber trading/processing/ 27
manufacturing

5] Number of rubber products manufacturing units 120

! 7 Number of auto-tyre manufacturing units 14
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becomes discernible. Nevertheless, more than
57% of the sequestrated carbon ends up in
easily decomposed litter. This decomposition
process returns considerable amounts of
carbon back to the atmosphere, up to S0% of
the total carbon content in the first year
(Anderson and Swift 1983: Cotter et al.
2009), As part of carbon stralegies,
Bangladesh must adhere to the Kyoto
Protocol mechanism (Wulf 2000) which takes
into consideration the effects of carbon sinks
and sources, as well as for addressing issues
related to fossil fuel emissions. Rubber trees
can absorb carbon three times more than any
other tree- a tool which can be used to eam
foreign currency worth billions of dollars
from the Global Carbon Trading and
Environmental Fund {Zahir 20135).

3. Biodiversity conservation in rubber
dominated landscapes

Biodiversity  conservation in rubber
dominated landscapes 1s expanding through
land sharmg, land sparing and ecological
restoration. Referring to rubber cultivation,
this  approach  includes  options  of
intercropping to promote system diversity.
Types of diversilied rubber-based production
systems are monoculture rubber, representing
the most common type, temporarily
intercropped rubber plantations, with annual
crops (e.g. upland rice, com, pineapple)
established between young rubber trees
before canopy closing, rubber plantations of
multiple species and layers of shrubs and
perennial herbaceous, plants such as tea,
coffee, cardamom and vamilla (Wu er al
2001y, Mixed rubber plantations with
perennial plants including tea, coffee, fruit
trees. bamboo and bananas, which are mainly
established in  aging rubber plantations.
Rubber plantation plays an important role on
soil fertility conservation. With increasing age

of the rubber plantation stand, soil organic
matter, NOs™ and soil moisture significantly
increases. Soil pH, total N, exchangeable K
and Ca, OM, NOs, soil moisture and soil
microorganisms tend to increase with the
increasing age ol rubber trees, while the soil
bulk density tends to decrease (1.48g cm™)
(Kiriya and Sukanya 2019), Similar results of
decreases in available P from 12.88-6.50 ppm.
The P is easily absorbed onto the surface of
oxides of Fe. Al, Mg and hydroxides and
becomes a nutrient, which is difficult to be
utilized by plants, often causing the shortage
of P The leaf coverage provided by rubber
trees and their root system regulates the
microclimate, allowmg a range of secondary
plants to flourish and providing protection of
soil against dehydration and the erosive effect
of rain (Kox 2000). In addition, rubber trees
also provide a habitat for a great variety of
fauna. It has also been reported that
biodiversity remains remarkably high iIn
rubber plantations, in marked contrast to most
other forms of monoculture (Jones 1997), Soil
microorganism are at highest levels in the 11
and 22 years old rubber tree plantations and
the community of actinomycetes, bacteria and
fungi varies between the different aged rabber
tree plantations (Kiriya and Sukanya 2019},
The composition of the soil microbial
community is closely related to soil properties
and vegetation at different stages growth of
rubber tree. There are also some merits of
rubber plantation. The large leaf area index,
the biomass production per unit land area and
rate of photosynthesis is higher for rubber
plantations. For that reason, such tree is more
very  effective  candidate for  more
afforestation of lands and also for precluding
degradation of soils. Rubber plantations are
also beneficial in improving the chemical
(nutrient availability), physical (bulk density,
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porosity). and biological (soil microbes)
properties of the soil. Less amount of
chemical fertilizers compares to field crops,
low intensity agriculture care, and intake of
lower quantity of mputs (like water,
insecticides and pesticides) are some other
benefits of rubber. Rubber plantation has been
useful for the restoration of the degraded
forestlands and also the possible source of
income. Rubber plantation also is the source
of fuel wood and timber. Soil binding and
reducing the erodibility of soil is another
benefit of rubber tree. 1t helps for reducing the
soil temperature which further helps for
reduced oxidation of soil organic (Chuan
2003; Panda and Sarkar 2020). In immature
rubber plantation through  intercropping
¢rops, like banana and pineapple are grown
and rubber planters can eam some extra
mcome by bee keeping for honey. because
honeybee attracts for extra floral nectaries in
the rubber tree (Chaudhuri et af. 2013; Panda
and Sarkar 2020). Rubber plantation helps for
growth of shade loving plants (like as orchids,
medical plants ete.) but many plants cannot
grow inside of mature rubber plantation due to
lack of lights (Mahmoud e af. 2005; Panda
and Sarkar 2020),

3500 -
3000 -

3000

Production / vear

Problem identification and strategy of
the solutions

i. Yield and productivity

Bangladesh  started  rubber cultivation
commercially since 1961, At present, about
98,000 acres of land is under rubber plantation
in Bangladesh and annual production is about
20,000 metric tons against 30,000 metric tons
country’s total demand of natural rubber
(NR). Bangladesh using traditional conditions
of rubber plantations where the maximum
achievement i1s about 506 kg'ha/vear only
(Fig.1). Whereas in Malaysia, the success of
the rubber breeding programme can be seen
from the multifold yield increase, from about
500 kg/ha'vear for unselected seedlings to
about 3.000 kg/ha'vear in the modern clones
(Anem 2013). Different factors are affecting
the low yield production of natural rubber in
Bangladesh, One of the main causes is the
lack of research and technological backup
from the very beginning to improve the crop
as well as the field management, However, the
selection of clones, low productive stand per
hectare. high tapping interference, lack of
uniform productive stand, prolong dry season
and cultivation practices are important factors

# Rubber Production {Kg/HaY}

2500 -
2000 1800
b5 1080
1000 - —
506
Y .
0 : : :

Malaysia

Thailand

Indonesia Bungladesh

Top rubber producing countries

Figure 1. Comparative yield production of top rubber producing countries.
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for low yield production. Rubber plants were
introduced in Bangladesh from Malaysia for
commercial plantation. Both seed and grafted
saplings of different clones e.g. GT 1, PB 233,
RRIM 600 and TIIR efc. were imported and
planted directly withoul any feld experiment
in our condition (Rahman 2006). Moreover,
RRIM 600 became dominated although 1t is
not widely accepted for large scale planting
due to susceptibility to Phytophthora sp. and
low yield production (Rahman 2006). Since
then due to the lack of research feedback there
is no improvement activities of existing
rubber clones as well as to introduce
improved clones [for future plantation.
Whereas the member countries of

International Rubber Research Development
Board (IRRDB) including Malaysia have
been developed high yielding and quality
latex clones like RRIM 3001, RRIM 928,
RRIM 9292 and PB 350. According to the
secretariat of IRRDB, 49 high yielding rubber
clones have been exchanging among the

o .

{E}ﬁl:}t vera

member countries inder the multilateral clone
exchange programme. Bangladesh as a new
member of IRRDB has the opportunity to
participate in the clone exchange programme
for quick improvement of its natural rubber
industry.

it. Crop management

Appropriate crop management practices with
developed technologies are essential for
sustainable yield production. It could be
through the adaptation and practice of latex
harvesting technologies like as stimulation,
low  intensity tapping  system  and
mechanization in latex harvesting. However,
emphasis has been given on integrated
furming, agro-forestry and appropriate
agricultural practices (Fig. 2).

iti. Crop improvement and profection

Natural rubber 18 produced by the rubber trees
H. brasiliensis. The latex yield of the wild
rubber trees is low. so it is uneconomical to

(12 Banana

Figure 2. Inter cropping in rubber plantation (A, B, C & D).
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commercially cultivate. Tt 1s the obligation of
the crop improvement and protection to
produce new rubber clones with increasing
latex vield. The clones are selected for high
latex and timber vield, vigorous growth, good
tree morphology, resistance to wind, diseases
and brown blast, and other secondary
characters such as thick bark. The current
targets of the bresding programmes is to
praduce clones which can produce more than
3500 kg/ha of latex and also vield more than
1.5 cubic meter of total rubber wood/tree. A
well-managed plantation in the traditional
zone can produce 3 tons rubber per hectare.
The average yield of rubber is about 1.6 tons
i India. But under the non-traditional
condition Bangladesh achieved about 0.5
ton/ha only (Rahman 2006). Unfortunately,
the industry suffered badly in the last decade
with the decreasing price in the iniernational
market, and import of low priced natural and
synthetic rubber through free market
economic policy. Moreover, low productivity
due to lack of proper cultural practices and
appropriate processing facilines aggravated
the situation further more. The technique of
tissue culture is being hamessed to meet the
needs of genetic (ransformation of H.
brasiliensis. The main objective of genetic
transformation is to enhance crop productivity
by improving selected agronomic traits of the
rubber tree. Two characteristics of the rubber
tree that could benefit from transgenic are in
girth increment for timber production and in
resistance to diseases, particularly Corvnespora
leaf disease. In this context, Silviculture
Genetics Division of BFRI has been carried
out research studies on in wibo plant
regeneration and genetic improvement of
selected rubber clones. For development and
expansion of rubber, systematic research and
protection of market price were nol done in
Bangladesh. As a result, the rubber industry
was facing destriction although there was a
areat demand for NR in Bangladesh. In this

situation, the govermment should take
necessary measures to save the plantation
industry considering its contribution in land
utilization, afforestation, and development of
environment and in national economy.
However, the situation has been changed now,
the price ol tubber has been increased at least
three-folds, at a very encouraging level. Now
rubber iz one of the most profitable
commaodities in the present market, Therefore,
it is the right time to think forward for further
development revising the policy and
rectifying the faults through applied research
and appropriate technology to achieve highest
productivity and profit.

iv. Scarcity of skilled tappers

In recent years, the global consumption of
natural rubber is steadily increasing and the
production has also to be increased so as to
meet the demand. Further, many of the
recently developed high yielding Hevea
clones are susceptible to one or more of the
undesirable traits such as tapping pansl
dryness (TPD) a physiological disorder which
causes due to the unskilled tapping. Due to
uneven distribution of crop. a common
standard for payment of wages still cannot be
achieved, as il iz done in the rubber producing
countries like Malaysia, Thailand and
Sri Lanka of the t(raditional zones. Very
limited training facilities for the tappers, still
exist in Bangladesh, Only a training institute
is located in Chattogram Hill Tracts for the
povernment gardens, which should be more
organized with modem equipment’s and
facilities. Proper arrangement for maining is
wrgently needed flor the privale sectors.
However, keeping extra tappers at least 3%
can mimnimize absenteeism problem, but
during the acute scarcity il 15 advisable (o use
yield stimulants e.g. ethephon, ethrel and
edbroza etc., which will reduce the tapping
frequency and can minimhize the tappers’
requirement (Rahman 2006).
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v. Processing facilifies

Bangladesh is situated in non-traditional
rubber production zone where more than 4
months are dry or with very little or no rains,
Therefore, in this period dry rubber content
(DRC) decreases as low as 15% (Rahman
2006). On the other hand, during the rainy
season June to Aupgust tapping is greatly
atfected by heavy down pour although DRC is
above 30% in that period. It is practically
observed that, more than 50% of total
production is achieved within the period of 3
months QOctober to December, This uneven
distribution of crop seriously atfects
management of work force and in latex
processing especially accommodation of latex
and smoked drving of sheets. Moreover,
scarcity of wood fuel for smoke drying 1s alzo
an acute problem (Rahman 2006). By
adopting simple techniques the above
problems can easily be solved and the
production cost can be reduced significantly.
Hot air drving by natural gas, biogas or coal
followed by & to 10 hrs of smoking in double
chambers will reduce the smoking cost at 15%
(Rahman 2006). Efficient temperature
maintenance. proper heat insulation and
occasional tumning of sheets can reduce the
drying period and will increase the quality of
the sheets. Marketing of hot air drying sheets
should also be encouraged. Although it is
advised by some experts to switch over to
other latex processing methods e.g.
technically specified rubber (TSR} or block
rubber and lalex concentrates by centrifuging.
It should be remembered that, initial big
investment, processing capacity and use of
eleciricity do not favor for establishment and
running these factories. It is also not
economically viable here at the present
situation. The major rubber producing
countries like Thailand (total NR production
2.59 million tons in 2002) and India (total NR
production 649435 tons i 2002-2003)

produced TSR 17 and 11.53% respectively
(Rahman 2006). The production share of latex
concentrates is also about 10%. Moreover,
uneven flow ol latex in difTerent seasons does
not assure economic running of TSR and latex
concentrates plants. However, introduction of
advance technologies is always preferred;
after careful feasibility study that can only be
implemented (Rahman 2006).

vi. Marketing

The global demand of natural rubber (NR)
grew 7.6% from 3.123 million tons during
January-March, 2017 to 3.361 million tons
during Q1 2018. The world production of NR
recorded a 3.3% growth to 3,152 million tons
during 1* quarter of 2018 as compared to
3,051 million tons produced during same
period last year. This figure also accounted the
9% of production share from non-ANRPC
{Association of Natural Rubber Producing
Countries) member countries. An increase in
production in China, Philippines, Thailand
and Cambaodia has contributed for the spurt in
NR production, said a report by ANRPC
(MRB 2018), Therefore, it is predicted that
the price will increase significantly in the
world market. In this situation, the
government should adopt a policy on impaort
and on the use of off-grade rubber, at the same
time production of pood quality rubber (Prime
grades: RSS 1, RSS 2 and RSS 3 should be
more than 80%) in the country, must be
ensured (Rahman 2006), The poor quality
rubber is generally produced due to the lack of
cleanliness in latex collection, handling and
coagulation, inadequate addition of chemicals
and improper drying, which is sold in
ungraded. Rubber based industries; especially
automobile-tyre industry should be installed.
Marketing of field coagulum (FC) or cup
lump is getting importance for increased uses
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in the footwear industries. Trading of both FC
and smoked dried rubber should be made
through registered agencies to prevent illicit
channeling of rubber from the gardens
(Rahman 2006).

Future of Bangladesh rubber

Bangladesh became as the member of
Intemational Rubber  Research  and
Development Board (IRRDB) and the
Association of Natural Rubber Producing
Countries (ANRPC) very recent, It has the
opportunity to get support from the two
organizations in réspect to crop improvement
and management for raising average vield
production as well as to improve quality and
strengthen the supply chain of rubber seclor in
country. The global supply of NR 90% of
which iz fulfilled through ANRPC members is

annually. The areas of rubber plantations in
government sector have been extend through
replanting and new plantations. The future
plan of rtubber plantation in Government
sector has been shown in Table 4. However,
for sustained growth of a plantation indusiry
the posilive margin between the cost of
production and the sale price of the products is
mandatory, otherwise the effect will be
negative. It will also affect the national
economy as the imitial investment,
maintenance before and after maturity and
other cost in management of a garden e.g. in
employment, disaster recovery, productivity
etc. will be a poor show in such a losing
concern. Although price of rubber was very
low in the international market, which
influenced the domestic market price earlier
but now the problem no more, exists; still
there must be some sort of mechanism or

Table 4. Fulure plan of rubber plantation in government sector of Bangladesh.

Rubber Plantation (in acre)
Area of Area to
Year ﬂiﬂ:;gﬂd matured Total Nursery be N;:_:; e;nf:r
irees replanted
2012-14 4365 2822 5822 60 | 1000 2000
2014-16 12500 3322 15822 70 | [ 500 2000
2016-18 10500 3322 13822 s 1500 2500
2018-20 | 8000 3322 | 11322 | 90 | 1500 | 3000
Source: BFTD(

set to rise 4.5% this vear to 13.8 million tons
m 2018, the association said. It is
well-gstablished fact thal natural rubber is
superior to synthetic rubber in all respects. In
consideration to environment, bealth and
safety, bio-degradation and waste disposal
factors il 15 also more acceplable. The tyre
industry is the largest consumer of natural
rubber and its demand is increasing with the
increase of wheeler vehicles, The demand of
natural rubber is increasing at the rate of 3.3%

Bangladesh Journal of Foresr Science

regulation to comirol the domestic market
price to protect the plantation industry. As a
plantation crop. there is no permanent or
continuous ecrisis, bul thinking all other
aspects: like timber. environment. soil and
improvement etc. domestic price control by
the povernment 18 essential (o save the
plantation industry and to fetch the good price
of rubber in the coming days by improving the
yield and quality, meeting the country demand
and exporting quality rubber.
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Conclusion

Rubber is an important industrial crop of
Bangladesh. A major concern of Bangladesh
rubber is its low vield production as well as
the wvolatility of rubber price. In order to
ensure sustainability of industry, it is needed
to increase the yield production. As a result, it
is advised to practice good agricultural
management such as planting with certified
high yield clones, reduce wastages through
proper latex harvesting {echnology and
equally mmportant to ensure high quality of
their produce to meel consumer demands. It 15
also important to address the indusirial
revolution (IR) which 18 moving on. It can be
utilized the potential outcome of rubber
industry to face the upcoming challenges at
different dimensions. Therefore, research and
development must be intensitving with
emphasis on component of the industrial
revolution especially in the downstream
activities to increase consumption through
manutacturing of rubber based products. In
addition, the utilization of rubber wood in
high value furniture and the building industry
should be given high priority.
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Absiract

Aszsisted Natwral Regeneraton (ANR} iz fmown as a
cost-gffective method to restore forest landscapes
compared to conventional reforesiation methods. The
siwd) was completed in twe Mro villages, namely Bagan
Pura and Sitapahar Nutun Para area of Bandarban Hill
Districi. Tatal number of seedlings at the top and battom
part af the hill at ANR plots in Bagan Para is 363 and
22] seedlings at NR (Naiwral Regeneraiion) plots, Also
in the Sitapghar Nwtun Para plots of ANR, 243
seedlings are found on the top parr of the kill, and 127
on the bottom pari. The number of regenerated
seedlings in ANR plots is [.93 times higher (= 1196,
P< 0.05) compared lo the NR plois. Total number of
seedlings per hectare at Sitapahar Nt Parg is 1500
and 800 in ANR gnd N3 plats respectively. The number
of regenerated seedlings in ANR plois is 1,64 fimes
higher (= 3.20, P= 0.05) comparced to the NR plois i
Bagan Para. Number of seediings per hectare ar Bagan
FPara is 1200 and TM) in ANR and MR plots respectively,
Results showed that regeneration of 41 species was
recarded from ANR plots in 2017 fallowed by 47 species
in 2(H8 and 48 species in 2019, Similarly, 46 species
were found in NE plots in 2017 followed by 32 speciesin
2018 and 19 species in 20119 at Bagan Para. As well as
the Sitapahar Nytun Para, in 2H7. 32 plantz were
recorded to regenerate on ANR plots, followed by 51

species in 2008 and 33 apecies in 2019, Similarlv. 34
species were found tn NB plets in 2007 followed by 29
species i 2018 and 23 speciez in 2049 ar Sitapahar
Nugun Fara, Resulis showed that regeneration raie,
geedling survival percenfoge, seedling heighiz are
higher ar both paras in ANK plots in comparison fo NR
plats, Considering the irends, the ANR method of
regeperation  may  he  considered a  juzrainable
techmology for congervimg plani diversity in the TCF
areqs ¢f hill disteicis in Banglodesh,
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Introduction

Degradation of forests continues fo cause
serious problems worldwide and deforestation
now 15 the second largest anthropogenic
source of GHG emissions (IGES 2009).
MNatural regeneration is a natural biological
process of forest resource reproduction in a
forest ecosystem where the assessment of
regeneration is an authentic tool to Imow the
overall condition of the forest (Yang e al.
2014; Rahman er al. 2019). Recently, Assisted
Natural Regeneration (ANR) is known as a
cost-effective method to  restore [forest
landscapes  compared to  conventional
reforestation methods. It 1s considered one of
the most viable methods to restore degraded
tropical forestlands and convert them into
more productive forests (Carandang er al.
2007; Shono er al. 2007). It aims to accelerate
natural succession in forests by reducing or
eliminafing obstacles such as  weeds
competing with available resources, fire and
grazing disturbances, and marginal soil
conditions (Shono er al. 2007). Assisted
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Natural Regeneration stimulates the growth of
natural regenerations. The need for effective
and low-cost forest and biodiversity
restoration and rehabilitation methods is now
highlighted in the face of climate change and
the global phenomenon of rapid loss of forests
and biodiversity.

Recognizing the success of community-based
restoration of degraded forests in other
countries of Asia, especially the Indian
subcontinent, Bangladesh recently started
adopting ANR in degraded natural forests.
Bandarban Hill District is the second largest
district of Chattogram Hill Tracts with an area
ol 4,502 sq. km. A Village Common Forest
(VCF) 18 a natural forest outside of the
government forest that is managed to meet the
daily needs of the ethnic communities. Village
common forest is managed as a common
property resource by the villagers. VCFs are
generally managed by the village community
umder the leadership of the mouza headmen.
In these forests, traditional resource
management patterns are used, and jhuming is
not permitted. These [orests are common
forests, and all the adjacent community
members have equal rights over the resources
under certain guidelines.The study has been
carried out at Sitapahar Nutun Para and Bagan
Para VCF at Bandarban sadar upazila in
Bandarban hill district. Sitapahar Nutun Para
was established in 2008 and 1s 36 kilometres
away from Bandarban town. The para is
situated beside the Chimbuk-Thanchi road
near Peak-69. The Murang community (130
people with 22 families) came here from
Sualock. Whereas, Bagan para is just 25
kilometres away [rom Bandarban Sadar and
nearby Chimbuk Hill. Both paras are rich in
floral diversity. But. the forests are degrading
day by day due to the development of road
communication, lack of awareness of
biodiversity, forest encroachment and shifting
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cultivation. Community reserve forest meets
the demand for bamboo, timber, medicinal
plants, fuel wood and other miunor forest
products of many indigenous people (Chakma
2005). Therefore, the protection and
preservation of community reserve [orests
become crucial for the livelihood,
environmental, medicinal, cultural and
religious needs of indigenous communities
(Misbahuzzaman and Marma 2008). The
mdigenous culture, lifestyle and livelihood
are mostly related to forest and forest
resources. In a study conducted by lHossain
el al. (2013), overexploitation of forest
resources has caused severe damage lo the
forest ecosystem which led to rapid loss of
biodiversity. Unfortunately, over the past
several decades, unsustainable use of these
resources has led to the loss of biodiversity.
As a resull, [foresi resource-oriented
indigenous communities face several crises
for  their  subsistence  requirements.
Conventional plantations are expensive and
are difficult to establish in community areas.
Since natural regeneration is promising and
less expensive, the study has aimed to restore

the degraded forests for biodiversity
conservation through ANR methods involving
the local community.

Materials and Methods

Study area

The study was carried out at by two Mro
village namely: Sitapahar Nutun Para and
Bagan Para area of Bandarban sadar upazila
in Bandarban Hill District (Fig. 1).
Geographical position of Sitapahar Nutun
Para is 22°00'N and 92°29'E. On the other
hand, Bagan Para lies between 22°05'N and
92°26'E which are covered by hilly areas
(Banglapedia 2018). Both paras are situated at
Bandarban-Thanchi road about 36km and
25km away [rom Bandarban district town.
There are village common forests (VCFs)

‘adjacent to the villages in both paras. Tropical

climates exist in the study areas. The average
temperature of the study areas rises to the
highest point of 32*C from April to October
and the average temperature falls to the lowest
point of 15°C m January. The average ramfall

Figure 1. Location map of the Bangan Para and Sitapahar Nutun Para at Bandarban district.
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of the study areas may rise to the highest peak
of 435mm in July. Ramfall may fall n to the
lowest point of (-5mm from December to
January. From May to September, average
rainfall occurs more than 100mm, The soils
types of the study areas are vellow-brown to
strong brown permeable friable loamy, very
strongly acidic and low in moisture holding
capacity. In general, soil patterns are complex
due to local variations in sand, silt, and clay
conlents of sedimentary rocks, as well as
erosion levels, Brown soils are the
predominant general soil type of the area
(BBS 2018) The vegetation types of the study
area are semi-evergreen (deciduous) to
tropical evergreen dominated by tall trees
belonging to euphorbiaceae, mimosaceae,
moraceag and rublaceags. All of the population
of the research area is from the Mro ethnic
community and belongs to Christanity and
Crama by religion.

Sampling procedure and survey

At first discussed with Karban (local
community leader) of two paras to know
about the idea of vegetation composition and
accessibility of the whele study area prior to
the selection of sampling procedures (Fig. 2).
Assisted Natural Regeneration is a simple,
low-cost restoration method that can
effectively enhance the productivity and
ecosystem  functions of deforested or
degraded lands. As a result of this method,
natural succession is accelerated rather than
replaced by removing or reducing barriers to
natural  regeneration.  including  soil
degradation, weed competition. and recurring
disturbances.(e.g. fire, grazing and wood
harvesting). Assisted Natural Regeneration
method of forest restoration is simple and low
cost, s0 a certain number of ANR and NR
(control) demonstration plots have been sstup
in the VCF. Comparison between ANR and
NR plots has been shown by setting up

2 Bangladesh Jowmal of Foresr Science

demonstration plots and it has been shown
that forest restoration is simple and low-cost
by applying the ANR method. It was
compared with the conventional afforestation
method. All the naturally regenerating
seedlings with = 5¢cm to 150cm in height were
identified, counted and tagged inside each
ANR and NR plots, All the woody species
regeneration without tags or numbers within
each plot at the final measurement were
identitied and counted. All competing
vegetation, such as grasses and vines within at
least a (.5m radius around the stem of the
marked seedlings were removed in the ANR
plots. The NR plots were kept untreated
without any management. Survival percentage
of seedlings in ANR and NR plots was
determined. A total number of 60 random
quadrat sample plots, each of 10m x 10m size
were taken from Bagan Para VCF in the top
and bottom hill pertion (Fig. 3). Of these
plots. 30 are ANR and 30 are NR plots, On the
other hand, a total of 32 quadrat sample plots
each of 10m x 10m size were taken from
Sitapahar Nutun Para VCF, out of which 16
are ANR and 16 are NR plots. Each NR
sample plot was selected adjacent to ANR
plots area having approximately similar
vegetation conditions. The area of each plot
was demarcated by measuring tape and rope.
Focus group discussions were conducted with
the community people with the aim to raising
awareness of the potential of the ANR method
for biodiversity conservation.

Statistical analysis

In this study, seedlings were defined as plants
up to I5cm in height. A total number of
seedlings was counted and recorded for each
species in the sample plots. T-test were
conducted (at 5% level of significance) to test
significance of difference in regeneration
between the ANR and NR plot areas.
Botanical samples were collected from two
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Figure 2. Discussion meeting with the leader of local community at Bagan para and local Mro

people at Sitapahar Nutun Para.

Figure 3. Data collection of ANR and NR from Bagan Para and Sitapahar Nutun Para.

VCF sample plots of two paras. Common
plant species were identified directly in the
field. Their respective local name, scientific
name, habitat and habit were documented.
Herbarmum specimen of unidentified plant
samples with fertile material (flower, {ruit and
seed) were collected and prepared for
identification after necessary processing.
Herbarium specimens were identified by
consulting  with  plant taxonomist and
comparing them with authentic herbarium
samples of Bangladesh Forest Research
Institute  Herbarium (BFRIH), Chattogram
and Bangladesh National Herbarium (BNIT),
Dhaka as well as recognized references, e.g.
Prain (1903), Heimg (1925), Siddiqui et al.
{2007) and Ahmed éf al. (2008). Finally the
voucher specimens were preserved in the
BFRI herbarium.

Results

A total of 50 regenerating tree species
belonging to 26 families were recorded from
Bagan Para ANR and NR plots. Among the
families,  Euphorbiaceae (6  species)
comprises the highest number of species
followed by Rubilaceae (4 species),
Anacardiaceae {3 specics), Bignoniaceae (3
species), Mimosaceae (3 species) and
Verbenaceae (3 species) and the rest of the
families comprise one or two species (Table
1). In Sitapshar Nutun Para total 61
regenerating plant species belongimg to 29
families were recorded from ANR and NR
plots. Among the families Euphorbiaceae was
the highest (11 species) number of species
followed by Moraceae and Sterculiaceae each
are 4  species. Families Areaceae,
Combretaceae, Rubjaceae and Verbenaceuae
were 3 species each. The remamming families
were | or 2 species each (Table 2).
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Table 1. Regeneraling (ree seedlings recorded from Bagan Para ANR and NR plots in the years
2017, 2018 and 2019,

Bagan Para
Family Scientific name Local name: ANE INE
71811917 ] 1819
Mangifera indica L. Am % 14 1% & = [-
Anacardiaceae | Mangi/era sylvatica Roxb. Uriam = e T iba = 1=
Holigarna cawstica (Deanst) Oken Barela - |F |4 |+ |- |-
Apocynaceae Holarrhena antidysenterica (L.) Wall. | Kurchi + |1+ |+ |+ [+ |+
ex Decne.
Araliaceae Trevesia palmata (Roxb. ex Lindl) Vis. | Bonpapay |+ |+ |+ |+ [+ |+
Arecaceae Areca hiandra Roxb. ex Bueh -Ham. Bonsupari |+ [+ |+ |+ |+ |-
Stereospernmom suaveolens (Roxb.) DC.| Parul + |+ |+ - -
Bignoniaceae Stereospermum colais (Buch.-Ham. ex | Dharmara |+ |+ |+ |+ |+ |-
Dillw.) Mabberley
Croxyhum indicum (L.) Benth, ex Kurz | Khona - |+ |+ |+ |- |-
Bombacaceas Bombax insigne Wall. Paharitula |+ [+ |+ |+ [+ |+
Biiseiabeie Protium serratum (Wall.ex Colebr.) Engl, Gutguttya |+ |+ |+ |+ |- |-
Garuga pinnata Roxb. Shil bhadi + |4+ [+ |+ |+ |-
Anogeissus acuminaia (Roxb. ex DC.) | Echn + |+ |+ 1+ [+

Combretaceae | Guill. & Perr.

Terminalia bellirica (Gaertn.) Roxb. Bohera N I I

Diplerocarpaceae | Dipterocarpus turbingtus Gaertn. CGrarjan + |+ |+ |+ |+ |-
Ebenaceae Diaspyros mentana Roxb. Bon gab + |+ [+ [+ | - |-
Suregada multiflora [A. Tuss.) Baill. Iaricha + |+ |+ |+ |+ |=+

Mallotus philippensis (Lam.) Muell.- Arg.| Sindur + 13 % B == |

Euphorbiaceae | Sapium baccatun Roxb, Bolos ¥ I#E 15 = T- -
Aporosa wallichii Hook. £ Kechua + |+ |+ |+ |+ |-

Aporosa dioica (Roxb,) Muell-Arg. Kechua + |+ |+ |+ - |-

Mallotus roxburghignus Muell.-Arg. | Noon-Kecho |+ |+ |+ |+ |- |-

Elacocarpaceae | Elaeocarpus floribundus Blume Bonjalpas [+ [+ |+ [+ [+ |-
Flacourtiaceas | JR¥dnocarpus kurzii (King) Warb. Chalmovgre |- |+ [+ [+ |- |-
Flacourtia jangomas (Lour,) Ragusch. | Painnyagula |+ |4 |+ |+ |+ |4

Lauraceae Litsea monopefala (Roxb.) Pers. Menda +: |+ |+ &+ |+ |-
Lythraceae Lagerstroemia speciosa (L.) Pers. Jarul + |+ |4+ |+ |+ |+
Tiliaceae Grewia nervosa (Lour.) Panigrahi Asar + 4+ [4 [+ [+ |+
Albizia chinensis (Osbeck) Merr. Chakoakoroi |- |+ |+ |+ |+ |+

Mimosaceae Albizia procera (Roxb.) Benth. Sil koroi + |+ |+ |+ |- |-
Albizia odoratissima (L.L) Benth. Tetuakorsa |+ |+ |+ |+ |+ |+

Artocarpus lacucha Buch.-Ham. Barta + |+ |+ |+ |+ |-

Moraceae Streblus asper Lour, Sheora + 1% [+ F+ |+ [%
Ficus hispida L.f Dumur + |+ [+ [+ [+ [+

_ Myrsinaceae Maesa indica (Roxb,) A. DC. Maricha + |+ |+ |+ |+ |-
Myriaceae Syzygium fruticosum DC, Puli jam + |+ |+ |+ [+ |+
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Bagan Para
Family Scientific name Local name ANR NR
171819 [ 17 [187[ 19

Mitragyvna porvifolia (Roxb.) Korth, Dakroom - |+ |-

Rubiaceae Ixora nigricans R. Br. ex Wight & Am, | Rongma + | |F ¥
Prverta indica L. Kathchapa + [= |- = = [|=
Gardenia coronaiio Bueh.-ITam. Kannvyari + |+ |+ |+ [+ |-
Micromelum minutum (G. Forster) Pislaphula |+ |+ |+ |+ |+ [+
Wight & Am.

Rutaceae Murraya panicwlata (L.) Jack. Kamini + |+ |+ [+ |- |-
Clausena suffruticosa (Roxb,) Wight | Kalomaricha |+ |- |- |+ |- |-
& Am.

Sapindaceae Lepisanthes rubiginosa (Roxb.) Baro Husima |+ [+ |+ |+ |+ [+
Leenh.

- Prerospermum acertfolium (L) Willd, | Moos + |= 1% 4 |+ |+
Stervuliaceds "EEEFEEE&"EMEWEE{RE}"S%E}EIM_ ‘Fashys-udal |- |+ |+ |- |- |-
Theaceas | Schima wallichit (DC.) Korth. Kumak + |+ |+ |+ |- |-

Vitex glabratn T. Br. Gada + |+ [+ |- |- |=
Verbenaceae | Gmelina arborea Roxb. Gamar + [+ |+ |+ |+ |-
Callicarpa macrophvlla Bormala + |4 [+ |+ [+ |+

41 | 47 |48 |46 |32 |19

*Nole: + = Present, - = Absent

Table 2. Regenerating tree seedlings recorded from Sitapahar Nutun Para ANR and NR plots in
the vears 2017, 2018 and 2019.

Sitapahar Nutun Para
Family Scientific name Local name ANR NR
I7 [18 |19 |17 [18 |19
Anacardiaceae | Swintonia floribunda Griff. Civit = |+ | |- [+ |=
Holarrhena antidvsenterica (L.) Wall. | Kurchi + |+ [+ 4 |+
HROCIRRORHE ex Decne.
F A—— Areca trigndrg Roxb. ex Buch.-Ham. |Bonsupari |+ [+ [+ [+ [+ |-
Calamus guruba Buch.-ITam. ex Mart. | Jali bet + [+ |+ [+ [+ [+
Stereaspermum suaveolens (Roxb.).DC. | Parul + |+ |- |+ |+ |-
: : Stereospermum colais (Buch.-Ham. ex; Dharmara |- |+ |+ |- |+ |-
B
IBNOMACERE | Dyillyy.) Mabberley
Croxylum indicum (L.) Benth. ex Kurz |Khona - |+ [+ 1+ |- |-
Burseragegs g;;mm serratym (Wall. ex Colebr)|Gutguitya |- [+ [+ |- [- |-
. Tamarindus indica L. Tetul + | ¥+ OIF
Caesal
ASSAPINACEAC [ raca asoca (Roxb.) de Wild, ek 1+ = = - - -
Anogeissus acuminata (Roxb, ex DC,) | Echn + |+ |+ |+ |+ |+
Guill, & Perr.
Combretaceae Terminalia arjuna (Roxb. ex DC,) Arjun -+ - |t
Wight & Am.
Terminalia bellirica (Gaerin,) Roxb.  [Bohera R L & i U P
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Sitapahar Nutun Para

Family Scientific name Loc¢al name ANR NR
17 [18 [19 |17 [18 [19

; Dipterocarpus turbinaius Gaertm. (rarjan + |+ |+ |+ |- |-
Dipterocarpaceae Hopea odorata Roxb. Telshur = i+ |+ [= |- I-
Mallotus philippensis (Lam.) Muell.-Arg. | Sindur + [+ I+ [+ |- -
Bischofia javanica Blume Kanjlbadi |+ [+ [+ [+ [+ [+
Suregada multiflora (A. juss.) Baill, Ban-nariga |+ [+ |- [+ |+ |+
Aporosa dioica (Roxb.) Muell.-Arg. Kechua + |+ |+ |+ |- |-
Priktistbiieess Aporosa wallichii Hook, {. Kechua + e |+= [+ |+ [+
Sapiurn haccatum Roxb. Bolos - lF [+ |+ - -
Macaranga denticulate (BL) Muell.- Arg. | Bura + =+ |+ |+ |+ |+
Buceaurea ramiflora Lour, Lotkan - 1+ |+ [~ |- 1.
Antidesma acidum Retz. Elena + I+ [ 1+ I+ K
Glochidion lanceolarium (Roxb.)Voigt. | Kechchua [+ [+ [+ |4+ |- |-
Phvllanthus emblica L. Amloki - E |+ |+ |+ |+
Elaeocarpaceae | Elaeocarpus floribundus Blume Bonjalpai |- [+ [+ [- |- |-
Fabaceae Erythrina stricta Roxb. Mander + i+ |+ |+ |+ &+
Pagnosae Lithocarpus eiegnlzm (Bl.) Hatus. ex Soepad .Tal-,l' Batna -+ |+ |+ - -
Ouercus someziana A.Camus 8i] batna + 1+ |- [- - 1
Flacourtiaceae Flacourtia jangomas (Lour.) Ragusch. |Painnyagula [+ |+ |+ |+ [+ |+
Clusiaceas Garcinia cowa Roxb, éx DC Kao-gola s e = | |
Juglandaceac Engelhardtia spicata Leschen.ex Blume kicrabhadi |- |- |+ |- |- |-
Lauraceae Litsea monopeiala (Roxb.) Pers, Menda + - - |+ |- |-
Leeaceae Leea indica (Burm. £.) Merr. Hotigach |- [+ |+ [+ |- |-
Lythraceae Lagerstroemia speciosa (L.) Pers. Jarul = b |+ [= |- I-
Magnoliaceae | Michelia champacn L. Champa = = |- = |-
Tiliaceae Grewia nervosa (Lour.) Panigraht Asar + B | I F
KA e Melia azedarach L. Chomatim 1= |+ [k (= |= |
Chukrasia tabularis A. Juss, Chikrasi = k= = 1 = |+
Miiikican Albizia procera (Roxb.) Benth. Sl korat I T i [ M P
Samanea saman (Jacq.) Merr. Rain tree = |+ = |= |= |=
Artocarpus chama Buch.-Ham. ex Wall, |Chapalish |+ [+ |+ [- |- |-
Moraceae Ficus nervosa Heyne ex Roth, Papia Dumuc|+ [+ [+ [+ [+ [+
Streblus asper Lour. Sheora + |+ |+ |+ |+ |+
Ficus hispida L.f. Dumur + 1+ [+ [+ [+ [«+
Svzyeium fruticosum DC. Puti jam = = U S
i Svzyeium firaym Thw, Dhakijam |- [+ |+ [+ |- |-
Rubiaceae Mitragyma parvifolia (Roxb) Korth,  |Dakroom |- [+ [+ [- |+ [+
Ixora cuneifolia Roxb. Kamuchuwi |+ |- |- [+ [+ |+
Hymenodictyon orixensis (Roxhb.) Bhui - el £ x B =

Mabberley kadam
. Litchi chinensis Sonn, Lichu = 4+ |+ = = s
Sapindaceae |7 i nthes rubiginosa (Roxb,) Leenh, |Rubharia |+ |+ |+ |+ |+ |-

24
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] Sitapahar Nutun Para [
Family Scientific name ‘Localname| ANR | NR |
! 17 [18 [19 |17 [18 [19
Prerospermum acerifolium (L) Willd. | Moos = o [ ]2 ]
Sterculia villosa Roxb, ex Smith. |Fashya-udal |- [+ [+ |- |- |-
Sterculiaceae | Firmianu colorata (Roxb)R.Br.  [Uddal |+ |+ [+ |+ |+ [+ |
Prevospermum Semisagitiamym Buch.- |Lana assar |+ |- - |+ [+ |+
Ham. ex Roxb,
Theaceas Schima wallichii (DC.) Korth | Kanak il i S e O
Vitex glabrata R. Br. Goda N SN S N N
Verbenaceae Gmelina arborea Roxb, | Gamar N FUR U
Callicarpa macrophylla Vahl. ' Bormala + |+ |+ |+ |+ |-
32 |51 |53 |34 (29 |23 |

*Nole: +=Present, - = Absent

Studies uvsing the ANR method in the two
paras have shown that the number of plant
species in the ANR plots 18 much higher than
the NR plots. The average number of ANR
and NR plots in Bagan Para and Sitapahar
Nutun Para is given in Table 3.

Table 3. Diflerent parameters of ANR and NR
plots for Bagan Para and Sitapahar Nutun Para.

Name of Pics et ANR NR
paras plots | plots
Bagan | Total no. of seecdlings | 363 | 231

Para Mean per plot 12 7
| Seedlingsperha | 1200 | 700

Sitapabar | Toedal no. of seedlings | 245 127

Mutun | Mezan per plot 15 ]
Parn Seedlings per ha: 1500 800

The number of regenerated seedlings in ANR
plots is 1.93 times higher (=11.96, P< 0.05)
compared than the NR plots in Sitapahar
Nutun Para. Number of seedlings per hectare
at Sitapahar Nutun Para in ANR and NR plots
15 1500 and 800 respectively. The table value
of *1* is 5% larger than the appropriate limit
value, so the value of 't' is very significant.
The number of regenerated seedlings in ANR
plots is 1.64 tmes higher (t=3.20, P< 0.05)
compared than the NR plots in Bagan Para.
Number of seedlings per hectare at Bagan
Para in ANR and NR plots is 1200 and 700
respectively. The table value of *t’ is 3% larger
than the appropriate limit value, so the value

of ‘t"1s significani, Regenerating seedling was
found more in ANR plots than in NR plots.
However, due to properlv take cared and
increases awareness, the rate of regeneration
in ANR plots in Sttapahar Nutun Para is much
higher than in ANR plots in Bagan Para. In
both paras the rate of regeneration of ANR
plots 18 much higher than NR plots. Kurchi
(Holarrhena antidysenterica) regencration is
highest in ANR plots in Sitapahar Nutun Para
and followed by Ichi (4nogeissus
acuminata), Khona (Oroxvium indicum),
Putijam (Svzvgium  fruticosum) and  Jarul
(Lagerstroemia  speciosg). Also  Echr
(Anogeissus acuminata) regeneration  is
highest in ANR plots in Bagan Para and
followed by Kurchi (Holarrhena
antidysenterica), Bonsupari (dreca triandra),
Kalomaricha (Clusena suffruticosal, Kechua
(Aporasa wallichii) ard  Rubharina
(Lepisanthes rubiginosa). In the ANR plots of
Bagan Para and Sitapahar Nutun Para, the
survival percentage of seedlings were found
78% and 89%. But in NR plots that were 56%
and 67% respectively (Fig. 4). The application
of ANR treatment reduces the competition
with other species and allows them to collect

‘food from the soil with adequate sunlight. As

a result, the growth and survival rate
of the seedlings is higher. So, ANR treatment
mcreases the number of seedlings. For the
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Figure 4. Survival percentage at Bagan Para and
Sitapahar Nutun Para in ANE and NE plots.

mmprovement of regeneration, 1t 18 necessary
to carry out ANR programme. Assisted
Natural Regeneration treatments at the start of
rainy season so that seeds and seedlings will
have the [ull growing seasons of faster
germination and growth. Regeneration studies
between ANR and NR reveal the potential for
natural regeneration by ANR treatment.

Discussion

Assisted Natura] Regeneration has played a
very important role in expanding forest
resources, controlling soil erosion, delaying
the process of desertification, improving the
gcological environment and improving the
living conditions of farmers (Sannai 2003).
Sannai  (2003) also reported, ANR will
henceforth play a more important role in the
process ol afforestation and improvement of
environmental conditions in China. The basic
ecological  principles of  community
succession involved in ANR were described
by Sajise (1989). It has the potential to
contribute significantly in addressing the
region’s [orest rehabilitation challenges
(Walpole 2003). It is the more cost-effective
method for carbon restoration (Evans et al.
2015) and recogmzed as a cost-effective
forest restoration method that can restore
biodiversity and ecosystem services in areas
of wtermediate levels of degradation, while
also providing income for rural livelihoods
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(Chazdon 2008; Ma e al. 2014). Assisted
Natural Regeneration in China, Indonesia,
Carmbaodia, Philippines and Thailand for forest
restoration and reproducing nature in Brazil,
are a few examples of this principle being
implemented (Sajise 1989). In Indonesia,
ANR techniques are applied for forest
reforestation. Motivate the people for
conserved the remaining natural regeneration
forest by using ANR method (Soegin and
Pramono 2003). It indicate positive feedbacks

among soil and water conservation.
biodiversity  protection, and  biomass
accumulation and there by enhances

ecosystem services (Yang er al. 2018). From
the results of this study showed that, the ANR
method is a sustamable technology for
conserving natural plant diversity. Assisted
Natural Regeneration method 15 a new
technology in Bangladesh. Not many research
activities were conducted in Bangladesh on
ANR method before. At present the Forest
Department is using ANR system to conserve
natural forests. Rahman (2011) conducted a
study on ANR in Sundarban Bangladesh, The
study reveals that total number of seedlings
for all the species including sundri together
and sundn alone were significantly higher in
ANR argas compared with Pure Natural
Regeneration  areas  (Rahman  2011).
Significant potential of ANR as well as the
need for further research have been noted by
tropical resiorationists (Elliot et al. 2000).

Conclusion

Implementation of rehabilitation programmes
in deforested areas and degraded lands is
primarily  pursued  through  plantation
establishment instead of ANR. To increase
awareness and appreciation of ANR. there
should be more publications, demonstrations,
rescarch plots and workshop-study tours.
These initiatives will encourage foresters (o
sludy and gain a deeper undersianding of
ANR. In addition to conventional plantation
establishment, foresters will be more
motivated to c¢onsider alternative strategies
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and methods to help combal delorestation
with increased knowledge. Research has also
shown that the application of ANR methods
has significantly increased the rale of
regeneration. It can be recommended that
ANR should be practiced in the areas where
undergrowth is dense and regeneration is
inadequate and forest health is not satisfactory.
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Absiract

Rubber (Hevea brasiliensis) wood s very guickly
affecied by wood decay agenis due fo the presence of
huge amounts of starch. This starch is very much
[favorable for fungi and wood decav agenis. Because of
that, it cannot be used without preservative treatingnt,
The service life of rubbier wood is extended by applying
the presepvative  freatment.  Disodium  Octaborate
Tetralpdrate (DOT) is used o increase the service [ife
of rubber wood It containg the highest amount of horon
that is effective against wood-destroying fimgl. The
experiment was wnder taken io investigare the retenfion
of 1% DOT agueous solufion in freaied wood by
applhing the pressure method The assessment was
applied for 1, 2 and 3 hours and the pressure of 10, 31,
54, 70, 80, 1140, 130, 150 and 17 psi. All the experiment
veas earried owut at different pressiure with same three
different times and same preservafive concentration,
The experiment was conducted far the pressure of 11, 30
and 50 psi at 1, 2 and 3 hows. Among the thres
rreamments, the highest refention was found 4341 kg’
at 3 fhours with 50 psi pregsure. The experinient was
conducted for the pressure of 70, 90 and G psiat 1, 2
and 3 kours, The highest vorention was found 46,12
kgim® ar 3 houry with |1} psi presswve. Then, the
experiment way conducted for the pressure of 134, 150

and 170 pst at £, 3 and 3 houwrs. The Mazxinmm retention
was found 41.97 kgim® at 3 hours at 130 psi pressure. All
over the experiment, the highest refention was recorded
46,12 kg/m? applying 110 psi pressure for 3 hours which
is suitable for rubber wood treatment.
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Introduction

Rubber trees (Hevea brasiliensis). indigenous
to the Amazon Valley of South America, were
mtroduced to India in the latter half of the 19*
century (Edwin ef al. 2006). The trees are now
widely cultivated in 20 countries around the
world, including Bangladesh, for natural
rubber (Latex). The rubber plant is found
almost everywhere in Bangladesh. Particularly,
Cox’s Bazar. Chattogram, Chattogram Hill
Tracis, Svlhel, Tangail, etc. are the most
suitable place for rubber tree plantation. The
plantation of rubber trees has been started in
Bangladesh about five decades back. The
present tree is covered with a rubber plantation
area of about 27,500 acres. Latex production
decreases gradually from the old-aged plant.
Bangladash has already attained the stage of
old-aged plantation and extracting latex from
that plantation is uneconomic. This plantation,
therefore, requires replanting. Rubber trees are
replanted every 25-30 years when they are
uneconomical for latex production (FAO
2010}). During the process, a considerable
quantity of rubber wood 1s oblammed. Hevea
brasiliensis 13 a common exotic species in
Bangladesh, The attractive features of rubber
wood are ity creamy color and good wood
working properties. This has prompted many
industries to use rubber wood as a substitute
for highly priced timber. In fact, rubber wood
has carved a niche for itself and has become the
timber vsed in many wood products (Teoh er
al. 2011). Rubber wood is also very prove Lo

attacks by fungi and wood borers in green and
dry conditions. According o George, slaining
fungi can seriously attack rubber wood as
soon as within 1 day of [elling. An example ig
Borrvodiplodia theobromae. which ocours
together with the surface mold Aspergillus sp.
Penicillium sp. also cause considerable loss of
strength in rubber wood. Apart from this,
wood rotting fungi such as Lenzites palisotii
and Ganoderma applanatum can also rapidly
destroy rubber wood (George 1985). As
reported by a few researchers, the high
carbohydrate (e.g.. sugar and starch) reserves
deposited in the parenchyma are major factors
governing the high decay susceptibility of
rubber wood. In view of the high severity of
the decay problem, there is a need for prompt
preservative treatment against the attack of
bio deteriorating organisms (Teoh er al. 2011).

Research report of Commmonwealth Scientific
Industrial Research (CSIR) (Du Toit 1988)
indicated that average sapwood retention
levels are required for adequate protection of
peles against wood rot, and termite attacks
preservative treatment of wood modifies its
properties making it dimensionally stable and
durable for efficient utilization (Winandy
1991). The commercial potential of borate
treatments was first identified in the 1930s.
Interest i standalone borates as wood
preservatives first arose in Australia and New
Zealand where borates were recommended
for insect control (Drysdale 1994). Borax-
Boric acid (BB) solutions (10%) are used to
increase the service life of non-durable wood
and bamboo for indoor use. This solution is
also used by Bangladesh Forest Industries
Development Corporation (BFIDC) for the
treatment of rubber wood according to BFRI
instructions, Boron is a vital active ingredient
of BB and Disodium Octaborate Tetrahydrate
{(DOT) which function against insects and
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fungi. It is a stable, white. odorless. powdered
chemical substance that i not [Tammable,
cambustible, or explosive and has low acute
oral and dermal toxicity. The product itsell is
a flame retardant. It 15 sold under TIM-BOR
(Na:Bs013.41120) and or BORA CARE (40%
DOT in ethylene glycol) brands in the Unitad
States, It has a higher solubilitv than borax
and boric acid. It contains more boron or B20s
than borax and boric acid as per unit mass.
Inorganic borates are diffusible, and with
appropriate treating practices, can achieve
excellent penetration in species that are
difficult to treat with other preservatives.
However, the borate in the wood remains
water soluble and hence they are standardized
by the American Wood Protection Association
(AWPA) for only indoor applications not
directly exposed to liguid water. The
Effectiveness of preservative chemicals
depends on the climatic condition of that
country. The weather condition of Bangladesh
is different from the other countries of the
world. Activities of wood decay agent depend
on the high and low temperature. So, the
research study has been taken to investigate
the performance of DOT in rubber wood in
Bangladesh. Typical examples of satisfactory
building construction use of DOT would be
studs, rafters, sill plates (Nicholas and Preston
1988). It is miore etfective than boric acid and
borax against decay fungi because it contains
a higher proportion of boron and the borate
ion is more readily available (Jonge 1987).
17.48% boron (B) content comes trom boric
acid (H:BOs), 11.34% boron (B) content
comes from Borax (Na:B«O-. 10Hz0) but
20.96% boron (B) content comes from DOT
(NazBeOws. 4H20). 1.65 BAE (Boric Acid
Equivalence) comes from 2 mol Borax Boric
acid whereas 2.39 BAE comes from 2 mol
DOT. It has a pH of 8.3 at 20°C as a 3%

solution and a pH of 7.6 as a 10% solution. It
is considered non-corrosive (Freeman et al.
2011) and has the most widespread
commercial vse in North America. It has
higher water solubility allowing the use of
higher concentrations and increasing mobility
m wood. All borates convert to boric acid
when they dissolve in acidic media such as in
wood (pH 4-3). Boric acid in a 1% solution
coptains 0.56% B:0s; 1% borax contains
0.37% B20Os while DOT (as TIMBOR)
contains 0.67% B2O: (Freeman et al. 2011),
Disodium Octaborate Tetrahydrate is an
insecticide and effective against a wide
variety of wood destroying insects including;
powderpost beetles (Lvetidae) (Williams
1977); fumiture beetles (Anobiidae); old
house borers: longhorn beetles (Cerambycidag);
subterranean termites (Reticulitermes, Coptotermes,
Heterotermes) (Tokore and Su 1993: Grace
and Yamamoto 1992). It may be more
effective and economically profitable and
may use DOT alternative of BB because of
vital active ingredient of boron is higher than
the BB. The toxicokinetics and toxicological
effects of boric acid, disodium tetraborate,
boric oxide (Ba20:) and disodium octaborate
tetra hydrate are likely to be similar on a
boron equuvalents basis {Assessment Report,
20 February 2009 Annex 1 — the Netherlands).
This study will be undertaken to determine the
treatment schedule of DOT to increase the
service life of wood. Bangladesh Forest
Industry Development Corporation (BFIDC)
has about 12 lac rubber trees that have lost
their life cycle in various plantations from
which 1 crore 20 lac cubic feet of rubber wood
will be obtained. If these large guantities of
wood can be trealed with effective
preservative DOT, the pressure on natural
forests will be reduced on the other hand, it
will be economically profitable.
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Materials and Methods

The Wood Preservation Division of BFRI
carried out the determination of the treatment
schedule of DOT treated H. brasiliensis wood
species. Rubber wood was collected from
Shatgaon rubber garden, Sylhet helping by
Bangladesh Forest Industries Development
Corporation (BFIDC), Kalurghat, Chattogram.
The age of the tree was 35 years. Then the
logs were sawn and dried planks at a shed of
BFIDC, Kalurghat using steam heated killon
drier. The average moisture content was 73%
when the wood was collected. Three-by-three
factorial completely randomized design
(CRD) were used for this experiment. Before
treatment, wood samples were cut with the
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moisture content for treatment. Moisture
Content (MC) of treated and untreated rubber
wood specimens was determined by an FMC
moisture detector. All samples were taken for
treatment by applying the pressure method,
Measured the weight of specimens before
treatment, 10% DOT aqueous solution was
used n the pressure method. If the percentage
i5 less than 10%, then retention rate become
lower than the standard level, If the
percentage 15 higher than 10%, and then
retention rate become higher than the standard
level but treatment cost rapidly increase,
which is not economically viable. Wood will
be treated by water-borne preservatives
solution for obiaining required reteniion and
reducing experimental period. 5% boric acid

Figure 1. Untreated rubber wood. A, (2.54 x 5,08 x 50.08cm), B. (7.62 x 10.16 x 20.32¢m) and C. (10.16 x

10,16 % 20.32¢cm)

following three dimensions eg. 2.34cm x
508cm x 50.08cm (Fig. 1A), 7.62em x
10.16cm % 20.32¢m (Fig. 1B) and 10.16cm %
10.16em x 20.32cm (Fig. 1C). The samples
were free of knots and showed no visible
evidence of infection by mold, stain, or
wood-decaving fungi. A total number of 270
wood samples were prepared for the
experiment. Then, all specimens were allowed
to drv for reducing moisture content up to
fiber saturation point (FSP) at 25-30%

and 5% borax aqueous solution were used for
rubber wood treatment by pressure method
(Akter ef al. 1994), Tt will be cost-effective
and entrepreneurs can apply the concentration
of the solution commercially. For a long time,
BFIDC has been usmg 10% BB solution to
treat rubber wood under pressure method. The
physical and mechanical properties of wood
increase after treatment using 10% CCB
aqueous solution (Shanu e al. 2015). So that,
the solution (10% DOT AS) was selected
and used for better result in this study. For the
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pressure method, a total number of 81 samples
of three sizes were treatment into 10% DOT
aqueous solution for 1, 2 and 3 hrs duration
and 10, 30 and 50 psi pressure applied (Fig.
2). Then, a total number of 81 samples of three
sizes were immersed into 10% DOT aqueous
solution (10 kg DOT mixed with 90 liters
water) for 1, 2 and 3 hrs duration and 70, 90
and 110 psi pressure was applied. Finally, 81
samples of three sizes were treated by DOT
aqueous solution for 1, 2 and 3 hrs duration

and 130, 150 and 170 psi pressure was applied.
Rests of the untrealed 27 samples of three
dimensions were kept in the preservation
laboratory for service test (Fig. 3). After
treatment, all the samples have been taken

Figure 2. Pressure treatment plant at BFRL

out from the pressure treatment cylinder.
Again the samples were dned. Dry samples
were cross-sectioned for determination of
penetration. Then, solution-1 and solution-2
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Figure 3. 10% DOT treated rubber wood samples.

were applied in splits wood samples which
reaction with DOT preservatives. The reddish
color indicates the penetration of treated
samples. Depth intensity of reddish color
indicates the penetration range and treatability
oroup of treated samples. Penetration of DOT
aqueous solution in rubber wood samples was
determined according to the standard test
method. Hers, 100ml ethanol 10gm. turmeric
powder was used for maling solution-1.
100ml ethanol, 30ml concentrated hiydrochloric
acid and 15gm salicylic acid was used for
making solution-2. The results revealed that
full penetration of the boron componen! was
present in all treated samples. Boron (DOT)
component reacted with curcumin and formed
a rosocyanine complex which shows the red
color in wood (Fig. 4 & Fig. 5) (Sivrikaya er
al, 2016). Then the absorption and retention
of mmmersed samples were determined by
weighing the samples. The treatment of specimens

R
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2 ::nfg ci
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Rosocyanine (o red-colored
product called rosoevanine is
formed )

DOT + Corcumin= PRosocymning complex

Figure 4. Disodium Octaborate Tetrahydrate reaction with eurcumin and form rosocyanine comples.
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Figure 5. Penctration of DOT treated wood
samples tested by solution 1 and solution 2.

was carried out by ftraditional vacuum
pressure method based on the principles of the
full-cell process at the concentration of 10%
DOT aqueous solution. The amount of active
compoimd absorbed by the wood sample, also
known as chemical retention, was calculated
by the fellowing equation. The retention of
the treated wood specimens was determined
based on the formula given below (Sivrikaya
et al. 2016).

GxC

Retention = W

kg/m’

Where,

G = Uptake of the preservative solution (kg)
C = Concentration of the solution (%)

V= Volume of the sample (m?)

The numbers of wooden samples were in total
270 mncluding treated and untreated of the
three dimensions of this wood species for

indoor exposure. All the specimens were
orientated  horizontally in  the wood
preservation laboratory for the determination
of service life, Treated and untreated samples
were deployed at BFRI campusg (22°22'25" N,
91°49°38" E). Finally, the penetration and
retention of these specimens were measured.

Statistical analysis

The experiments were carried out in a
completely randomized design (CRD) with 3
replications. SPSS statistical software was
used [or the data analysis. Analysis of variance
(ANOVA) and least significant difference
(LSD) test were carried out to evaluate the
significance of differences among the different
retentions of treated specimens.

Results

In this study, three different times and nine
pressures have been applied under two
parameters. The resulls of the experiment are
presented in three separale tables (o avoid the
difficulties of showing one table. Retention of
DOT m rubber wood was recorded 19.19,
29.51 and 31.43 kg/m?® when 10, 30 and 50 psi
pressure was applied for 1 hr; 25.34. 35,72 and
4541 kg/m?* when 10. 30 and 50 psi pressure
applied for 2 hrs and 29.90, 34.27 and 45.90
kg/m® when 10, 30 and 50 psi pressure applied
for 3 hrs respectively (Table 1). Retention of

Table 1. Retention of the preservatives in (reated rubber wood applied by pressure method using

different times and pressures (10, 30 and 50 psi).

Treatment Period Retention (kg/m?) of DOT Remarks
(his) 10 psi 30 psi 50 psi
1 19.19£2.50 29.51+2.68 31.4322.41 Full penetration
2 25342271 35, T2E2.90 45 41+£2 88** | has been found in
B 29.90+2.16 34.27+1.11 43.9:2.06 all specimens
*F-value 3.69 0.71 1.21 -
p-value .14 (.49 (.39 -

*The data i1s significant for a 3% probability level (F = p).
*# Maximum retention was found at 45.41 kp/m® at 2 hrs and 50 psi pressure.
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DOT in rubber wood was recorded 33.11,
37.07 and 44.55 kg/m?® when 70, 90 and 110
psi pressure was applied for 1 hr; 35.90, 42.51
and 45.57 kg/m® when 70, 90 and 110 psi
pressure applied for 2 s and 37.27, 43.73
and 46.12 kg/m® when 70, 90 and 110 p=i
pressure applied for 3 hrs respectively (Table
2). Retention of DOT in rubber wood was

psi pressure. Accordingly, this (reatment
schedule may be used for wood treatment to
protect from rot termite attack. Retention of
DOT in Rubber wood was recorded when
different pressure applied for 1 hr. The lowest
retention was found 19.19 ke/m? in (his
species when 10 psi pressure was applied. The
rate of retention of DOT was increased rapidly

Table 2. Retention of the preservatives in treated rubber wood applied by pressure method using
different times and pressures (70, 20 and 110 psi).

Treatment Period Retention (kg/m?) of DOT Remarks
(hrs) TOpsi 90 psi 110 psi I
1 3311047 37.0740.42 44 .55+0.09 Full penetration
2 35.90+£2.45 42.51+£2.56 45.57+0.05 has been found in
3 37.27+0.74 |  43.73+0.37 46.12£0.14** all specimens
*Fovalue 199.47 142.62 4929.741 -
p-valuc 0.0050 0.0069 0.0002 -

*The data is significant for 5% probability level (F = p).
*% Maximum retention was found at 46,12 kg/m? at three 3 hrs and 110 psi pressure.

recorded at 29.51, 3245 and 37.57 kg/m’
when 130, 150 and 170 psi pressure was
applied for 1 hr; 41.62, 31.22 and 36.99 kg/m?
when 130, 150 and 170 psi pressure was
applied for 2 hrs and 41.97, 27.9¥ and 32,62
kg/m* when 130, 150 and 170 psi pressure
applied for 3 hrs respectively (Table 3). The

al the pressure of 10, 30, 30, 70, 90 and 110
psi. But, the retention declined when 130, 150
and 170 psi pressure were applied. Maximum
retention was found 44.55 kg/m® at 1 hr and
110 psi pressure (Fig. 6). Retention of DOT
rubber wood was recorded when the
mentionable nine numbers of pressure were

Table 3. Retention of the preservatives in treated rubber wood applied by pressure method using

different times and pressures (130, 150 and 170 psi).

Treatment Period Retention (kg/m*) of DOT Remarks
(hrs) 130 psi 150 psi 170 psi
1 29.5122.12 | 33455330 | 37.57+2.01 | Full penetration
2 41.62+1.75 31.22£1.57 36.99+1.60 have been found
3 41,97£1.12%% | 2798469 | 32.62+3.15 | inall specimens |
*F-value 126.9321 2007.019 1 846.603 -
p-value 0007786 (0.00045 0.000541 -

*The data 15 significant for 5% probability level (F = p).
** Maximum retention was found 41.97 kg/'m? at 3 hrs 130 psi pressure,

findings of the presemt study prove that
penetration and Ttetention level
maximized the preservatives by applying 110

can be
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applied for 2 hrs. The lowest retention was
found 25.34 kg/m® in this species when 10 psi
pressure was apphed. The retention of DOT
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increased rapidly at the pressure of 10, 30 and
50 psi but maximum retention was found at the
pressure of 110 psi. Then, the retention
declined when the higher pressure (130, 150
and 170 psi) was applied {Fig. 6). The rubber
wood of Bangladesh 15 a medium-density wood
which specific Gravity is 0.54 ke/m® in air dry
condition (Sattar ef al. 1999). 130-170 psi
pressure 1s very much high for this species.
This pressure may be suitable for higher
density wood. Normally. latex stay in the
rubber wood pore. When the higher pressure
applies. the hole of the xylem can be rupture.
May be. natural rubber (latex) and preservative
chemieal (DOT) shghtly oul from specimen’s
due to high pressure. As a result, the retention
of rubber wood declined graduallv. Retention
of Digodium Octaborate Tetrahydrate in rubber
wood was recorded when 9 numbers of
pressure applied for 3 hrs (Fig. 6). The lowest
retention was found 29 90 kg/m® in this species
when 10 psi pressure was applied. The
retention of DOT increased rapidly at the
pressure of 10, 30 and 50 psi but maximum
retention was found al the pressure of 110 psi.
Then, the retention was declined when applied
130, 150 and 170 psi pressure. Maximum
retention was found 46.12 ke/m® at 3 hrs and
110 psi pressure (Fig. 6). Nine (9) different
G

50 -
A4 4
30
20

19 -

0 30 50 70 w0 110 1300 150 170

Relention (kg/m? |

Pressure (psi)
st Ftemtiom (kg ) of OV for 1 b
@ Retention (kg'm™ ) of DOT for 2 hrs,
e Rtz (logim ) of DT for 3 h

Figure 6. Retention (kg/m*) of DOT in wood
samples using the pressure method for 1, 2 and 3
hours.
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pressures and three (3) different treatment
durations were applied in this experiment. A
total number of 27 retentions were present in
this investigation. All over the experiment, the
highest retention was found 46.12 kg/m® at 3
hrs and 110 psi pressure (Fig. 6).

Discussion

According to Bangladesh Standard and
Testing Instuitute (BSTI), timbers in direct
contact with ground or water, especially in
outside locations, such as poles, piles,
fence-posts. ete. the required retention [or
Chromated-Copper-Arsenic (CCA)
preservative chemical is 8-16 kg/m® (Anon
1975}, In the present study, maximum
retention of DOT was recorded at 46.12 ke/m?
in rubber wood for 110 psi pressure and three
hrs time which can be supported with BSTL
According to the BDS code, the required
retention of Chromated-Copper-Boron (CCB)
is 8-16 kg/m*' (Anon 1975). The end
penetration is higher than side penetration for
wood (Salam er al. 2019}, In this study, the
retention results at 3 hrs are acceptable with
the preservatives. According to  the
Bangladesh Standards and Testing Instilution
(BSTI), 46.12 kg/m® retention of DOT in
Rubber wood specimens can meet the
objective of the study. Chandra and Gupta
(1972) stated that 16 kg/m’® of dry salt were
necessary for the effective preservation of the
poles in contact with the ground. In the
experiment, the minimum retention was found
19.19 kg/m* which almost matched Chandra
and Gupta (1972); the maxiroum retention was
found 46.12 kg/m® which is over Chandra and
Gupta (1972). Untreated rubber wood samples
were completely damaged after 8 to 9 months
but treated samples are in good condition afier
3 years. 0.28 pounds per cubic feet (pel)
Boron, the same retention approved by the
Honolulu Building Department for use as a

Vol 38, lssue 1&2, Jan-Dec 20273, 79-38



preservative treatment m Hawaii. This test is
very severe in that the test upits are located
directly on top of active FST (Formosan
Subterranean Termite) colonies. 1t should also
be noted that because of the warmer
temperatures, the termite pressure in Hawaii 15
thought to be ~3x as severe as that in Japan, so
that a 6 vears exposure in Hawaii is considered
to be comparable to ca. 18 years exposure at
the Japanese lest site in Kagoshima Prefecture
{(Island of Kyushu) (Tsunoda et al. 2002). The
study reveals that, the maximum retention of
DOT was found 46.12 kg/m® at 3 hes and 110
psi pressure in rubber wood which is over the
standard (8-16 kg/m') and matched with
Chandra and Gupta (1972).

Conclusion

The treatment schedule of DOT is only used
for interior wood treatment. Usually,
Borax-Boric acid (BB) preservatives are
applied [or indoor use. So, DOT can be used
as an alternative to BB wood preservatives.
Subsequently, the DOT can be wused
commercially also. It is mentionable that
untreated rubber wood samples were affected
by insects, fungus, ete. within a short time but
fully damaged after & to 9 months. Till now,
the treated samples are in good condition after
3 years in indoor condition.
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Absract

The siudy veas congucied tn 2007, 2018 and 2019 o
Romgabali islands of Patvakhali district of Bangladesh

to determine the feasibiliy and growth perforniance of

Calamus teruis (ali bet) and Calamics viminalis (Kerak
bei) inside the Sownerntia apeinla (Keova) planiation,
The mean survival, mean keight and tofal shoot/clump
were found 44%, 2.68m and 5.91nog respectively at the
age of 3.5 years for O tenwis in the 2017 plantation
vears. In the 2018 vears plantation, the mean survival,
mean height, and mean nwmber of ol stem/'clwmp
were found 86%, [.35m and 3.93n0s respeciively for C.
renuis and T6%, 0.83m and I.5Inos respectively for €,
viminalis af the age of 2.5 years, For helght and cellar
girth a significant difference was found between C
renuis and C. viminalis (P value is 0.047 and 0.034) m
3% level in the plantation year 2018 4r the age of 1.3
vears the mean survival, mean heighi and mean number
af toral siemiclump were foumd 87%, 1.35m and 2.77
mos respectively for O renwis and Sd%, 0.84dm and
1.51nos respectively for C. viminalis in the plantafion
vear 2008, Now shoot initiation was found 100% for C.
tenuis and 31% for C. viminalis at age of 2.5 years.
After 1.5 vears new shoot initintion wag found 100% for
C. temuis and 353% for C. viminalls, Considering
survival, height and shoot production. the . tenuls and
O viminalizs can be plawted fnside older 5. aperala
plantation in the west coastal belt of Bangladesk.

Sl b

FSU T SR Wie & (T (99 SN WA & Ty
Frraem o 2085, Selk AT 203k HE AfAET &R
TR Gty 7T AT o 5 T 7 AW
2049 NI FIET @UOT 0.¢ TIT FAOT T FTHIE I TF I
Tw §8%, fw Ower 2wl g9 WT ofE T grew Aen
.23 ew T TEEE o § FEET S qree a0
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Keywords: Coastal raised land, Calamus
tenuis. Calamus viminalis, Growth performance.
Stem production.
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Introduction

Rattan is thorny and climbing palms belong to
the family Arecaceae (Siddigi ef al. 2007).
This plant is growing in primary rain and
monscon forest as a predominant species and
it has a huge range of ecological adaptations,
ranging from sea level to over 3000m
elevation (Dransfield and Manokaran 1993).
It has high economic value in Southeast Asia
and considered next to timber and bamboos.
Rattan has been utilized commonly for
binding, basketry and other domestic
purposes. It has also uses for fumiture,
handicrafts and building materials. Rattans
are important source of income and
employment for millions of people all over
the world (Alam and Haider 2020). There are
about 550 species of rattan under 12 genera
globally (Dransfield er al. 2008). In
Bangladesh 15 species of rattans were
recorded (Alam 1990; Basu 1991; Ali 2003).
Ara (2005) found only 10 species of rattans
under two genera. All the species are found Lo
grow naturally i the forests area except
Calamus renwis and Calamus guruba (Islam
et al. 2015). In Bangladesh rattans are
generally found to grow at the north-eastern
hill forests of Sylhet, Chattogram, Cox’'s
Bazar, and Chattogram Hill Tracts, The
climate of Bangladesh is very favorable for
rattan and sometimes it grows well without
anv special care (Islam et al. 2015).

Calamus tenuis Roxb. is an evergreen
climbing palm. It is thin, stem cluster-
forming, perennial plant up to 20m long and
2.5cm diameter (Peters and Henderson 2014).
Rai and Shulda (2015) reported that C. tenuis
is a vigorous, climbing prickly palm with
slender stems girth size about 3-4cm. that can
be 100 meters or more long. In Bangladesh it
occurs in plain to foothill slopes, river banks,
wet, damp and shady areas (Alam 1990). It
grows also at the edge of water and marshy
places in village groves and in natural forests

ol Bangladesh (Ara 2008), It 15 considered as
multifunctional raw meaterials for handicrafs
and collage industries due lo its [exibility,
durability and lightness characteristics (Islam
el al. 2015). Its fruits and young shoots also
edible and some parts are use as an herbal
medicine (Ahmed ef al 2014; Saikia and
Khan 2011). The plant also serves as soil
binder; hedge and wildlife habitat (Islam ef al.
2015). The population of C, tenuis is reducing
day by day due to habitat destruction, opening
of the patural forest, urbanization and over
exploitation. Now it is listed amongst
threatened species in many forest areas (Rai
and Shulkla 20135).

Another important rattan species iz ('
viminalis Willd. Il is very common and
economically 1mportant. This species is
clustered, climbing or often forming thickets
to 35m long and 4cm in diameter (Peters and
Henderson 2014). In Bangladesh, it occurs on
the dry hill slopes of Chattogram, Cox’s Bazar
and the Chattogram Hill tract. It is also found
in village of the northern districts like
Mymensingh, Tangail, Gazipur and Dhaka
(Siddigi et @l 2007). It produces a good
quality cane used in making basket, furniture
and walking sticks, Leaves are used for
fencing crop fields i the Chattogram and
Cox’s Bazar districts and in many other parts
ol the country (Siddiqi et al 2007). The
shrinking of forestty aresa and over
exploitation of wild rattan, the natural
population is reducing drastically in
Bangladesh. The demand of raw materials is
mcreasing day by day but exasting resource of
rattan is not enough to meet the present
demands. The plantations of raltan in
Bangladesh are not enough both in forest and
village homesteads (Islam ef al. 2015). The
scientific knowledge of rattan cultivation
should be improved to maximize growth and
yield. Bangladesh is a pioneer country in
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coastal afforestation (Siddigi and Khan 1990;
Spalding 1997). Afforestation program along
the coastal belt was initiated in 1966 with the
primary objective to protect the lives and
properties of coastal communities from the
cyclone and tidal surges (Das and Siddigi
1985). Bangladesh is one of the leading
countries of coastal afforestation programs
with different mangrove species (Miah and
Moula 2020). A total of 0.192 millien hectares
of accreted land were afforested with
maingrove species in the coastal regions (ll
2013 (Hasan 2013).

Sonneratia apetala Buch.-Ham is the most
successful and Avicennia officinalis L. is the
second most successiul planted species of the
coastal mangrove plantations (Siddigi 2001a).
The mortality of planted seedlings of this
species in the coastal areas is also high
(Siddigi and Das 1988; Miah er al. 2014).
Huge gaps are created inside S apetala
plantations. Most of these areas are now
rajsed with limited inundation ranging from 3
to 5 months only in full moon and new moon
periods. As a result these raised lands become
unsuitable for the growth of S aperala
species. Other mangrove species also do not
grow and survive in this situation (Siddigi
2001b). Islam er al (2014) found seven
nuainland species are suitable for this raised
land. Rattan can also be introduced inside the
S. apetala plantation to increase the
productivity of this vast raised coastal foresi.
So, a feasibility study for assessing rattan
plantation inside the raised older coastal forest
was highly desirable. Therefore, the present
study was undertaken to assess the survival
and growth performance of rattan inside the
older §. apetala plantation.

Materials and Methods

The Plantation Trial Unit Division (PTUD) of
Bangladesh Forest Research Institute carned
out a experiment with two rattan species

namely; C. tenuis and C. viminalis at two
locations of the western coastal bell of
Bangladesh since 2017 to 2019, Experimental
plots were established at Char Kashem and
Char Nazir (Char Augast) of Rangabuali
Island under the Patuakhali district. Char
Kashem hes between latitude 21°54'561 N
and longitude 20°27'227 E. Char Nazir lies
between latitude 21°58'066 N and longitude
90°30'344 E (GPS=3m) respectively. The
mean anmual ramtall is 2377mm and mean
maximum and minimum temperature is
25.3°C and 12.2°C (BBS 2013). Soil pH was
found 6.8 at Char Kashem and 6.1 to 6.8 at
Char Nazir. Soil is alluvium. non-calcareous
and salinity varies from 1.1 - .9d5/m (SRDI
2010). The experimental sites were inundated
about 3-5 months, Char Nazir site was fully
inundated up to 4 months from July to
October m the month of June only m new
moon and [ull moon period. Char Kashem
was inundated normally 3 months in new
moon and full moon time from July to
September. The experimental siles were
established inside the older 5. apetala
plantation. The most common propagation
method for larze scale plantation of rattan by
seed. Calamus tenuis seeds were collected
from previous experimental plots of
Rangabali Island and C. viminalis seeds were
collected from Chattogram. In  these
experiments seedlings were raised from seeds
in the nursery. Phenotypically superior rattan
plants were selected and then matured seeds
were collected from those trees. Fruits were
soaked in water for 48 hours immediately
after collecton. Afler soaking fruits were
rubbed in water by using wire mesh to remove
pulp of fruits. Seeds were then sown in seed
bed. The seed bed was prepared by pure
Sylhet sands and maintained by regular
watering and weeding. Germination was
started after 28 days of seed sowing and
continued up to 40 days. Seedlings were
uprooted carefully from the seed bed and
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transplanted to the polybags of size 25¢m >
15cm filled with mixed powdered loamy soils
and cow dung at 3:1 ratio when the first
seedling  leaves were fully expanded.
Seedlings were then kept under shed for 1
week and then placed on normal nursery beds
and maintained for another 3-12 months. The
experiment was laid out inside 30 years old S.
apetala plantations m randomized complete
block design (RCBD) with 12 replications.
Three months old polybag rattan seedlings
were planted in 2018 only and rest of
experimental plantation raised by 12 months
older seedlings with 2m »* 2m spacing in
May-June. In each plet 100 (10 = 10)
seedlings were planted every year. Three
months old seedlings of C. fenuis was planted
at Char Kashem in 2017, Twelve months old
seedlings of C. tenuis and C. viminalis were
planted in 2018 and 2019 respectively at Char
Nazir. Data on survival, height, collar girth,
number of stems, number of new stems/clump
ete. were collected from the experimental
plantation at 6 months and 1 year interval up
to December 2020,

Statistical analysis

All these data were analyzed using SPSS-
version 20.

Results

Survival and growth performance of C. feauis
planted in the year 2017 at Char Kashem
showed i Table 1. The survivability was

found 81.44 %, 57.83 %, 44.00 % and 44.00%
at the age of 0.5, 1.5, 2.5 and 3.5 years
respectively. The survivability was found
decrease to with the increase of age. The
highest mean height and collar girth was
recorded 2.68m (Fig. 1) and 4.27cm at the ape
of 3.5 years. The maximum height and collar
girth  were recorded 10m and 6.0cm
respectively. The mean number of new stems
per clump and mean total stem per clump was
recorded 3.76 and 5.91 at the age of 3.5 years.

In the plantation year 2018, the mean
survivability, mean height, mean collar girth,
mean number of new stem and mean number
of total stern/clump were found 86%, 1.35m,
2.70cm, 2.28, and 3.93 (Fig. 2) respectively
for C. temuis al the age of 2.5 years (Table 2).
On the other hand, survivability, mean height,
mean collar girth, mean number of new stem
and mean number of total stem/clump were
found 76%, 0.85m, 4.07cm, 0.51 and 1.51
respectivelyfor C. viminalis. For height there
15 a significant difference between C. fenuis
and C. wiminalis (P value 1s 0.041) at 5%
level. In case of collar girth there is a
significant difference between C. wiminalis
and C. fenuis (P value is 0.034) al 5% level.
The height growth of C. fenuis is higher than
C. viminaliz and collar girth of C. wiminalis is
higher than C. tenwis. But there is no
significant difference between C. tenuis and
C. viminalis in relation to survivability, mean
number of new stem and mean number of total
stem/clump at 3% level.

Table 1. Growth performance of different ages of C. fenwis planted in 2017 at the coastal raised
land of Rangabali island under Patuakhali district.

Pantiiion: | Goreteal | megse | Motmmm | Collar | CNwotaew | gy e
Age (Year) o (m) Height Girth stems Rl
(m}) (cm}) /elump
_O.5ycar | 81444047 | 0.28+0.01 0.70 000 | 000 1£0.00
1.5 years | 57.83%£5.15 | 0.96+0.26 1.49 0.00 T 0.00 1+ 0.00
2.5 years 44.00+1 .49 |.42+0.63 3.00 1.85£0.85 | 1.57+L.15 2.63£1.08
35 years | 44004052 | 2.68+1.62 10.00 4. 27+0.73 I 3.76+1.20 5914118
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Figure 1. Rattan (C. remuis) expenmental
plantation inside Keora (S, apetala) forest planted
m 2017 (3.5 years age) al Char Kashem.

""' ‘ I / (7 _I..{_'.I't.' J

Figure 2. Rattan (C remuis) experimental
plantation inside Keora (5. apetala) forest planled
in 20L& (2.5 years age) at Char Mazir.

At the age of 1.5 years the mean survivability,
mean height, mean collar girth, mean number
of new stem and mean number of total
stem/clump were found 87%. 1.35m (Fig. 3).
2.78cm. 1.73 and 2.77 respectively for

C. fenuis in the plantation vear 2019 (Table 2).

For C. viminalis survivability, mean height,
mean collar girth, mean number of new stem
and mean number of total stem/clump were
found 84%, 0.84m, 2.32em, 0.52, and 1.51
respectively. There is no significant difference
between € fenuis and C, viminalis in relation
to survivability, mean height, mean collar

Bangladesh Jommal of Forest Science

girth, mean number of new stem and mean
number of total stem/clump at the age of 1.5
years. In the plantation year 2018 new shoot
initiation was found 100% for C. temuis and
51% for C. viminalis at the age of 2.5 vears
(Fig. 4). After 1.5 years shoot inmitiation was
found 100% for C. tenuis and 35% for C
viminalis in the plantation year 2019 (Fig. 5).

There 15 a difference of shoot initiation
percentage between the plantation year 20138
and 2019. This is due to seedling age. In 2018,
3 months old seedlings and in 2019, 1 year old
seedlings were planted. Shoot nitation
percentage of C. fenuis is higher than C.
viminalis.

Figure 3. Rattan (C tenuis) experimental
plantation inside Keora (5 apeiala) forest planted
in 2019 (1.5 years age) at Char Nazir.

120

. wiminalis

—_— fER

._.
=
=

100

[
= D

51

-
o D

W of shoot initiation

Lk

0.5 years LA venrs 2 years 2.5 wvears

Age uf plantation
Figure 4. Percentage of new shoot mitiation for .

tenuis and C. viminalis with age of plants in the
plantation vear 2018,
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Table 2. Growth performance of C. renuis and C, viminalis planted m 2018 (2.5 vears age) and
2019 (1.5 vears age) in the coastal raised land of Rangabali island under Patuakhali district.

Ph:;:;l:;s o Parameter PP Spemecs' P T value | P value

| Survival% | #6.00£3.70 | 76.0047.02 Z.18R (1.951

2018 | Height(m) 1354045 | 0.8540.37 1,293 0.041

(25 }rearg} | Collar Eﬂ'ﬂl[ﬂﬂ} 2 T(l:t[l 53 4, ﬂ-."il 25 —3 114 ﬂ {]34

| No. of new stemg/clump | 2,28+0.99 0.5140.50 Q262 3.020
[ Total stems/elump | 3.93+187 | 15120.50 | 0892 | 0075
| Survival% | 87.00+3.88 | 84.0048.27 | 0681 | 0402

2615 | Height(m) 1354049 | 0.84+0.12 8177 | 0.059

(1.5 years) | Collar girthiem) 2.78+0,46 2.3240.90 5715 0.193
| No. of new stems/clump | 1.73+0.74 | 0.5240.57 3103 | 0219
| Total stems/clump | 2.77£0.96 | 1512057 | 24161 | 0329 |
- 120 e T PR — Nl Shﬂﬂt-_ I'Ill'l'l'lbﬂl' ﬂf Shﬂﬂ't PE.'.I' Cl.l-l-l'ﬂ.p was {‘DI.I.ﬂE[
:‘E e 8.0m, 1.40cm and 17.44 nos at the age of 4.5
£ %0 years. At the age of 3.5 years the average
g %0 height. diameter of main shoot, number of
f; 40 shoot per clump was found 7.69m, 1.23cm and
20 0.86nos in the homesteads of four coastal
0 districts, Siddigi erf al. (1996) reported 95.6%

U5 vear I yenrs 1.5 wedirs

Age of plantation

Figure 5. Percentage of new shoot initiation for C.
tenuis and C. winnnalis with the age of plants in
the year 2019,

Discussion

Rattans are found to grow natorally in the
forest except few species. In the present study
trials were carried oul with two rattan species
like C. tenuis and C, viminalis inside older §,
apetala plantation in the western coastal belt of
Bangladesh. The result of the present study
differ higher height growth and lower shoot
production with study of [slam er al. (20135 for
C. tenuis may be due to site condition (coastal
raised land vs coastal homesiead), Islam et al.
(2015) carried out an experiment of C. tenuis at
the coastal homesteads of Bangladesh and
found an average seedling survival 36.75% and
40.50% at the age of 4.5 vears and 3.5 years
respectively. Average height, diameter of main

survival of C, tenuis al the age of 6 months
after planting in BFRI Campus, Chattogram.
They also reported that average height 1.10m
and shoot production 3.34 nos for C. tenuis al
the age of 18 months. Siddigi er al. (2000)
found the height of C. renuis 6.5m, 7.7m, 5.0m
7.9m respectively at Sylhet. Chattogram,
Dhaka and Tangail districts at the age of 8
vears. The shoot production per clump was 33,
23.5, 19 and 18.4nos at Sylhet, Chattogram,
Dhaka and Tangail distriet respectively. The
diameter at breast height was found 1.lcm,
1.7¢m, 13em and  l.lem  at  Sylhet,
Chattogram, Dhaka and Tangail distriet
respectively. Rai and Shukla (2015) reported
1.95 m shoot length of planted C. tenuis at the
age of 2 vears in Meerut District of Uttar
Prodesh of India, €. temuis showed luxuriant
growth with an average height of 8.0 m after 8
vears of planting at Dehradun Forest Research
Institute Campus, India (Gulati and Sharma
1983). Kuldilok and Boonyuen (2002) found
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97.22% survivability for C. viminalis after 5
years planted under rubber plantation at
Songkhi  Silvicultural Research  Station,
Rattaphum district, Songkhla province of
Thailand. They also reported 0.52, 1.70, and
2.99m height al the age of 3,4 and 5 years
respectively. In the present study the height
growth of C. viminalis is higher and total stem
production is lower than the study of Kuldilok
and Boonyuen (2002} may be due to ditferent
site condition. The number of shoot per clump
was recorded 1.77, 3.34 and 5.42nos after 3, 4
and 3 years respectively. Peters and Henderson
(2014) found 1.3% m average growth rate per
year al the age of 4 years for C. viminalis in
Vietnam, On the basis of survival, height,
collar girth and shoot production, shoot
initiation %, the resulls of present study
conducted in 3-5 months of inundated raised
land coastal belt of Bangladesh in 2017, 2018
and 2019 showed promising performance of C.
renuis and C. viminalis species imnside the S
apetala  plantation. However, low seedling
survival was found m 2017, due fo biotic
interference, as the experimental plot was
without fencing. The new planted seedlings
were damaged and uprooted by cattle, wild boar
and bandicool rat in the plantation year 2017,

Conclusion

C. renuis and C. viminalis 1s a commercially
important species in Bangladesh. The growth
performance of these two species is found
promising inside older 8. aperala plantation,
C. tenuis and C. viminalis may be a good
gpecies for raising plantation inside the
coastal raised 5. apetala forest, Plantation of
these two ratlap species may also create an
employment opportunity and source of
income generation for the rural people of the
coastal areas. Therelore, for the development
of rattan population and to fill up the gaps of
raised coastal keora forest, plantations
program with these two raltan species can be
initiated inside raised keora forest,
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Abstraci

The global demand for mediuwm density fibechoard
(MDF) is rising day by day; a8 a resuli indusivies are
Saeing a shoriage of raw material supply. This study was
conduored o examine e suitability of MDF boards
made from Borak (Bambusa balcova) bamboo fiber. In
this experinieni, 3ingle-layer MDEF boards were formed
in six different densities at 630, 700, 730, 300, 850 and
900 kgim® using wea formaldehyde (UF) vesin as the
binding agent. The physical characreristics including
water absorption and thickness swelllng, as well as
mechanical properties such af modulies of rupiure and
interaal bond strength of the MDF boards were
asgessed by the Indian Standard (15 2380:1977)
specification. All the tesl results were compared with the
fndian (15 12406: 2003), British (B3 EN 622-5:200%)
and American Natienal Standards Tnstitute (ANST
A208.2-2002) MOF specifications. The fiberboards of
850 kg/m® dengity had the highest modulus of rupturs
and internal bond strength properiies compared (o other
experimental single-layer MDF boards, Since bamboo
5 a species with o high eld, It has the potential to be g
renewable and alternative raw naterinl source for the
wood coniposite Indusiry

AT

TR wAed wEaEEeey (MO tabe miEe i e g

W | (OEE AT FNET ey EE enoeTe T ey o
T P AN CIGETE PSR St
TEIE FEE TR 4F AT AEEE 37 ) (T G aeeg
WrET w G waiarE o B mE reE (veo 900, Ac0,
boo, bito. oo e ") WEIRTIE CoTT I sE | el
fafge WAF Ty FEFEEerTT AT T T el
(& o e e e Ffi et o o T v Defpe
mMERAGACTT (e @ i T e e (15
Yodro: 350%) OEENE OFET T o) EERT o By
CAMEEEETE YT S G, WETEA YA A, B i s
Az e T Afier e | A cmEsoty gt
(IS 3380l 3o0w), G (BS EN 633-¢:3008) 78 STOIE
(ANST 420t 2-200%) BIETT OF T T w0 3Y T
ARG AT T, (AT S Feo (Peya. TRes
FIENTACCT S4TE 4 GF AT WG GG FETTANCEH
SePfe T AT B ¢ T AT T g g e,
F(E FOET 0E 47 ST TR @ e Feies S
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Keywords: Bambusa balcopa. Mechanical
properties, Medium density fiberboard.
Physical properties, Urea formaldehyde.

Introduction

Medium Density Fiberboard (MDF) stands out
as a major wood-based panel that is widely

Citafion: Rahaman. M. and Hossain, 50 2022 Physical amd Mechanical Propertizs of Medium Density Fiberboard made from Borak
[Bamibucg boleooa) Bamboo. Bangladerh Sowrnal of Foreri Science 38182} 47-54.



used in the manufacture of various building
and housing components, especially furniture
units intended for mterior applications (Ye ef
al. 2007). The production of all types of
fiberboard was enhanced from 2010 to 2014,
During this period, fiberboard manufacturing
increased by 31%. However, the majority of
this expansion was concentrated m MDF
manufacturing, which accounted for 1% of
the total. Global MDF production has been
rising by 6-10% annually since 2010, with
China being the main contributor (FAQ 2015).
The average density of the standard form of
MDF ranges between 600 and 900 kg/m® (IS
12406, 2003). Tt 18 a typical production
process that invelves reducing wood or
bamboo into small chips, which are then
thermally softened and mechanically refined
into fibers, and finally mixed with a synthetic
resin binder. The resinated fibers are shaped
mto a mattress that 1s prepared for pressing. At
last, the mattress is compressed in a hot press
machine to the required thickness (Anon
2014). Medium Density Fiberboard is
frequently used in furniture applications. Tt is
also used for interior door skins, moldings,
flooring substrates, and interior trim
components {Cai ef al. 2006). In Bangladesh,
MDF boards are mostly vsed in furmiture
applications. Most of them are imported from
different countries. A few industries, like Akij
Particle Board Mills Lmmited and MRS
Industries Limited produce MDF boards
locally, which is much less than the demand.

Bamboo in s natural form 15 a cylindocal
pole, or culm, and is part of the grass family
(Sharma et al. 2015). Bamboo is the common
name for a member of a particular taxonomic
group of perennial grass with a large woody
stem or culm belonging to the family Poaceae,
subfamily Bambuscideae. There are about
1,200 species of bamboo within 50 genera
worldwide (Chapman 1996). The major

morphoelogical characteristics of bamboo are
divided into the rhizome and the culm system
(Zhang e al. 2002; Jiang 2007). The culm is
the upper-ground part of bamboo that contains
most of the woody matenal. Unlike trees,
bamboo has no secondary thickening growth.
Depending on the species, bamboo culms take
3-6 wears to mature. Thus, bamboo grows
faster than other trees of similar size in the
world (Alam 2001), Normally, the culm is
straight, hollow and cylinder-formed with
nodes and internode parts. Bambeo timber
production is also rapid. with an average
rotation of 4 years compared to the normal 40
years for most wood species. The strength and
ductility of bamboo are sigmficantly higher
than those of many wood species of similar
density (Chen et al. 2020). Bamboo is
designed to be a particularly useful and betier
substitute for wood composite products,
including fiberboard, veneer board. plyboard,
strip board, mat board and particleboard.
Wood processing methods, technologies and
tools cannot be applied directly to the use of
bamboo. Therefore, more research is needed
to understand the properties of bamboo, as
well as cost-effective technologies and 1ts
management. Nowadays, bamboo is recerving
more attention from the industrial sector,
particularly as a raw material for wood-based
composites. As a result, there are many
opportunities for researchers in the bamboo-
based composite product sector (Chaowana
2013). Urea-formaldehyde (UF) is mostly
used as an adhesive in the wood furniture
industry dround the world (Anon 2009). The
annual production of UF is about 20 million
metric tons. The forest products sector uses
more than 70% of this production for
manufacturing laminated board, particleboard,
MDF and plywood (Wikipedia 2019).
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Urea-formaldehyde glue is cheap, easy to use
and can act as a good binding agent for all
kinds of woodwork. It is a thermosetting
adhesive which forms cross-linked polymers
that have high strength, rigidity and long-term
static loads without deforming (Irihart and
Hunt 2010). If it is possible to make
fiberboard from B, balcooa, then the shortage
of raw materials in the wood-composite sector
can be reduced. This is why B. balcooa is of
interest in this study. Accordingly, this study
aimed to measure the physical and mechanical
properties of MDF boards made from B.
halcopa fibers under different density
conditions for furniture applications.

Material and Methods
Fiber preparation

About 3-4 years old 8. halcooa were collected
from Chattogram, the southern part of
Bangladesh. After that, these were divided
into six-eight strips considering their
diameter. The strips were then converted into
chips with a hammer milling machine
(WB6A, Montgomery Ward & Co., USA).
The chips were then sieved through a twenty
mesh screen to remove dust and fines and
dried in a batch oven (GECO Electric Oven,
Ca5H360, Gruenberg Electric Co.) at 70°C
temperatures to 4-5% moisture content

Moisture Omiginal weight-Crven dry weight

content {Js) = Oven dry weight o

The chips were cooked at 120°C by steaming
for 1 hr under 10 kgfem? digester pressures in
a stainless steel rotary digester and then
refined i a single-rotating disk attrition mull
for tiber.

MDF board fabrication

Fiberboards were [abricated in six dilTerent
densities at 650, 700, 750, 800, 850 and 900

kg/m*, Five single-layer mediuni density
fiberboards of each density were prepared in a
laboratory hot press machine (160 Ton,
Williams-White & Co.. USA) usmg B
halcoog fiber, The dimensions of the
fiberboards were S0cm x S0cm x 1.2cm having
the mentioned target density. The temperature
of the platens of the hot press was maintained
at 160°C. Liquad UF (50% solid content) glue
was used m the fiberboard preparation based
on oven-dry fiber. The UF glue was catalyzed
with 2% ammonium chloride (NHaCl). No
water repellent was used in this preparation.
Firstly, the mats of the board were formed
manually in 4 wooden-fabricated bordered
frame. Afler that, the mats of the fiberboard
were pressed mitially for 6 mins. These
pressures were then lowered for 4 ming and
then for 2 mins. The boards were then
conditioned at 65+5% relative humidity and
20+2°C temperature before they were put to
tests. The experimental flow diagram 1s
shown 1 Fig. 1.

Test sample preparation

With five replications, this study was
conducted using a completely randomized
design (CRD). Fiberboards were cut mto
various test specimens to determine the
modulus of rupture (MOR), mternal bond
(IB), thickness swelling (TS) and water
absorption (WA) values of the fiberboards.
The MOR and IB sirength tests were carried
out according to the specification ol IS: 2380
(Anon 1977) with the help of a computerized
universal  lesting machine (TENSON,
MWW-10, China). The 1B lesl specimens
were adhered to Ti3mm ¥ 50mm ¥ 25mm
wooden blocks with UF resin using a cold
pressing. The thickness of the specimens was
measured with platform-type thickness pauze
with an accuracy of 0.0lmm. The specimens
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Figure 1. Flow diagram of the experimental process.

Table 1. Three standard specifications for MDF board.

Specification of | Thickness | Density MOR Strggth nf'sﬂ‘ :;E"EH :i.s;vag:n

some standards (mm) (kg/m?) | (kg/em?) (kg/cm?) (24 hrs}g : @ 41;3,5}
1S 12406 6-20 '

(Anon 2003 ) | 250.00 =00 7 0

B5 EN 622-5 0.12 | 600-900 | 220.00 6.00 10 NA
J;-ﬂi:qjjﬂ 2009)

ANST A208.2 -
L[f’mou 2002) G-19 240.00 .00 15 NA
NA=Not applicable
were immersed m 25mm of waler at ambient Results

temperature for 24 hrs. At the end of 24 hrs,
the test specimens were withdrawn from the
water, wiped with a damp cloth, reweighed
and re-measured for thickness as before. The
percentages of WA and TS were then
calculated. Then the values of the physical
and mechanical properties of the MDF boards
were compared with Indian (IS 12406: 2003),
British (BS EN 622-5:2009) and Amerncan
National Standards Institute (ANSI) MDF
standard  (A208.2-2002) to wverify their
suitabibity, The standard specifications are
given in Table 1.

Statistical analysis

The collected data were analyzed as analysis
of variance (ANOWVA) to compare statistical
differences among the treatments.

The mean values of MOR and IB are given in
Table 2 and the mean values of TS and WA
properties for 24 hrs are presented m Table 3.
The results illustrated that the different
densities had significant effects (p < 0.05) on
the MOR, IB., TS and WA propetties. From
Table 2, it 18 found that the MOR values of the
MDF boards were different for six different
densities. MDF boards containing 850 kg/m®
density had the highest MOR value compared
to the other densities of fiberboards which
fulfilled the British (BS EN 622-5:2000)
standard specifications. But in the case of 900

/m’, the values of both properties decreased.
The mean MOR value was 185 kg/cmy?® for 900
kg/m?* MDF boards which did not meet the
Indian (IS 12406 -2003), Brtush (BS EN
622-5:2009) and ANSI (AZ208.2-2002)
standard specifications (Fig. 2). Measurements
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Table 2. Mechanical properties of MDF boards made from B. balcooa.

Thickness of Density of MOR 1 IB strength
fiberboards (mm) | fiberboard (kg/m”) (kg/em?) (kg/cm?)
12.20 650 75.00+£5.21 2.48 £ 0.06
12.30 700 102.00+8.46 | 328 £0.08
12.25 750 113.00 409 | 388 £ 0.07
12.20 RO0 195.00 £ 6.35 4.24 £ 0.05
12.22 R50 225.00+3.12 6.76 £ 0.02
12.05 900 185.00+7.16 | 5.92+ 0,03
F-value 485.02 | 2302.17
Significant value 1.OBE-21 | 8.06E-33
Motz Mean followed by standand deviation (£ 51
2410
220 4
20 o B
o YE _
gt =
E o = Ly
1 . /
B0 Tan =0 Rl BS0 aon

Elﬁlﬂ 'I'"I'ﬂ' '-"lliCI aon Eiﬁlﬁl iHI'-!I
Densiry the'm'y
Figure 2. Relationship between the density of
MDF boards and modulus of rupture (MOR ).

of IB strength propertics arc presented in
Table 2. It is observed that the IB values were
different for different densities of fiberboards.
Fiberboards containing a density of 850 kg/m*
had the highest IB strength values among all
other densities of fiberboards. The value was
6.76 keg/em® which satisfied both the British
Standard (BS EN 622-5:2009) and ANSI
(A20R8.2-2002) specifications. In the cases of
800 and 900 kg/em® the IB values were lower
as compared to 850 kg/cmy’. The mean values
of IB for density B00 and 900 kg/cm’
fiberboards were 4.24 and 592 kglom’,
respectively  (Fig. 3). The TS and WA
propertiecs  were  evaluated  for  different
densities of fiberboards made from bamboo
fiber (Table 3). The test samples were soaked
under water for 24 hrs, weight and thickness
differences were measured for the

Bangladesh foumal of Forest S¢lence

Chenisily 1I-cg-m']
Figure 3. Relationship between the density of
MDF boards and internal bond strength (IB).

F\.éu- T\.:ﬂ'l ﬂlin Hrr.u:l I;':!IEd'I- r|-f|u:|
Bensity {kg'm™h
Figure 4, Relationship between the density of MOF
boards and thickness swelling (TS) after 24 hours.

determination of TS and WA values (Fig. 4 &
Fig. 5). The observed TS wvalues of the
different  types  of  fiberboards  were
12.02-19.04% after 24 hrs of water soaking.
The WA values of the different types of
fiberboards made from fiberboards ranged
from 59.25 to 92.05% after 24 hrs (Table 3).
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Table 3. Physical properties of MDF boards made from B. balcooa.

Thickness of Density of Thickness Water
fiberboard fiberboard swelling absorption
(mm) (kg/m?) (24 hr) (24 hr)
12.20 650 12.50 + 0.03_ 77.82 +0.06
12.30 700 14.48 +£0.05 R1.22 +0.04
12.25 730 19.04 = 0.04 92.05 + 0.05
12.20 1 800 16,92+ 0.02 67.82 + 0.07
12.22 850 12.02 + 0.03 59,25 +0.02
12.05 900 16.08 £ 0.01 64.11 £0.03

F-value 1456.45 166098
Significant value | .OKE-29 i 1 .89E-30

Note: Mean followed by standard deviation (+ SD)

a5 -

Wh- 240 he i

u-:-u -"Il.m -'Su Lul;-.- u‘.l-u *;'u:-u.
Deensity (hkgim')

Figure 5. Relationship between the density of MDF

boards and water absorption (WA) after 24 hours.

Discussion

According to Kollmann et al. (1975), MOR 1s
the most essential mechanical characteristic of
composite boards in terms of their use as
interior components. After data analysis,
There was found that, with the exception of
900 kg/m?, the MOR value increased as the
board density increased. However, the extent
of this growth was not proportional.
Fiberboards containing a density of 850 kg/m”
had the highest MOR walues than the other
densities of fiberboards. The density of the
fiberboards is one of the factors that affect the
MOR value. As the MOR value decreases the
bond between the boards weakens (Haygreen
and Bowyer 1996). The fiberboard with a
density of 850 kg/m® exhibited the highest

MOR values (225.0 kg/em?) in comparison to
other densities. The mean MOR value
gradually increases from 650 to 850 kg/m?
densities fiberboard, but it i3 decreased at 900
keg/m’ density fiberboard as compared to 850
kg/m?. At 900 kg/m? density fiberboard, may
be the silica of bamboo reduced the bonding.
It may be there was an interaction between the
resin binder and the silica of bamboo. Similar
interactions were obhserved by Marinho ¢ al.
(2013}, They found that the interactions were
influenced by several parameters. including
the fiber's characteristics (the anatomy of the
fiber) and the resin's nature (physical-
chemical properties), which lead to better
penetration and moistening. This stody
revealed that the numerical values of IB
sirength properties differed for different
densities of fiberboards. Fiberboards with a
density of 850 kg/mi® had the highest IB
strength values among the other boards. The
mean IB strength value for 850 kg/m?* density
fiberboards was 6.76 kg/cm? which met the
British and ANSI Standard specifications.
From this study it was found that the values of
IB strength properties had increased between
600-850 kgim’ fiberboards, but in the case of
900 kg/m®, the IB values had decreased. The
IB strength is an indicator of resin penetration
into the internal structure of any composite
board. If the resin does not penetrate well, the
internal bond in the center of the medium will
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be weak and the surfaces will separate easily.
The TB test is also used to measure the
laminating strength between layers of a
composite structure and determine how well
they stick to each other (Hutten 2007). The IB
strength property gives information about the
structure of fiberboards, which ensures a fine
adhesive property and dimensional stability of
the fiberboard structure. The MOR value of
850 kg/m' density fiberboard surpassed the
requirements of the British Standard (BS EN
622-5:2009) specification. Whereas the IB
strength value was above the British (BS EN
622-5:2009) and ANSI Standard (A208.2-
2002) specifications, but lower than the Indian
Standard (IS 12406:2003) specification. The
TS or WA value of fiberboards is one of the
basic properties that determine whether the
panel will be used in dry or humid situations.
When fiberboard is exposed to water contact,
wood fibers swell and residual stress that is
created during the board pressing process is
released, which leads to an increase in the
thickness of the panel. The strength characteristics
of fiberboard are also reduced by both WA and
TS properties. In this study it was observed
that the TS and WA values of the fiberboards
were not linear. The TS of the panels is related
to the amount of WA, so higher WA
contributes to higher swelling in thickness.
The mean WA value of 850 kg/m’ fiberboard
after 24 hrs of soaking was 28.95% lower than
that of fiberboards having ¥00 kg/m'
densities. Moreover, fiberboards with densities
of 900 kg/m* had mean WA values that were
8.20% higher after 24 hrs of soaking than
fiberboards with densities of 850 kg/m®.
Perhaps there was some kind of interaction
between the density of the MDF boards and
the silica content of 8. baleooq. resulting in a
reduced thickness swelling as well as water
absorption capacity of 850 kg/m® density
boards in comparison to other densities. TS
and WA are essential characteristics that
determing whether a panel will be used in dry

or wet conditions (Popovska et al. 2016),
Bamboo fibers swell when fiberboard comes
into contact with water, increasing the
thickness of the panel. Accidental water
exposure will not aftect the durability of the
panel or its qualities, as household furniture is
kept away from water. Fiberboards are
commonly used in the interior for household
purposes. Household furniture is kept at a safe
distance from water, although accidental
water exposure will not reduce the durability
of the panel and its properties. Kollmann ef al.
(1975) reported that the highest TS after 2 hrs
of immersion in water should not exceed
6-10% of the original thickness. However, the
addition of suitable additives may improve the
properties of the fiberboards. Sihag er al.
(2017) also found that the board's overall
thickness swelling and water absorption were
higher than the acceptable wvalues for the
Indian Standard specification (1S: 12406).
They also stated that these properties of MDF
boards could be controlled with appropriate
treatment.

Conclusion

Medium Density Fiberboard made from B.
balcooa with a density of 850 kg/m® had the
highest mechanical strength  properties
compared to other variants. However, other
MDF boards derived from 8. balcooa remain
viable options for furniture materials. In this
study, no water repellent was applied,
suggesting potential for further improvement.
Notably, the utilization of an alternative
binding agent to UF could enhance the
characteristics of the fiberboards. The
exploration of B. balcooa as an alternative
source of raw  material for fiberboard
production could contribute to  the
conservation of forest resources,
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Abstract

The study investigates the sermination bebavionr of
Stervnlia foetivha (Box-badam) seeds nnder five differem
pre-sowing treatments amd seedling grovwth performance
in mursery and field conditions, Seeds were () soaked (n
fap waier for 12 hours, ) soaked in fap water for 24
Repurs, GF0) soaked B fap water for 36 howrs, ) soaked
in tap water for 48 hows and v control fsecds were
sown withomt any treatment). Growth performances of
seedfimgs were derermined by wonsferving the voung
seedling (with 4-6 leaves af 30 daysi from the
germination fod o poly bags filled with sodl cow dung
miixtre (3200 and ot planting in the fleld ar one vear of
age, Germination percentage was sigrificantly (P=iL03)
eitfianced By pre-sowing freatment in jap water for 36
fvuers i comparivon to other freatmenrs, The swpvival
percentage of seedlings was hghest (97%) in the field
after I vear at 20m x 2.0m spacing, and the average
Reight was 212 .6cm after 2 years of out planting. For
the  thriving  plamarion of 8 foevido,  pressowing
treatmient of seedy i tap water for 30 lowrs was foud
suitahle for nursery rearving and seedlings for ow
planting ar 2.0m % 2.0m spacing in the field,
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Introduction

From ancient times to the present day,
medicinal plants have been utilized as a source
of pharmaceuticals for the treatment of a
variety of health conditions around the world.
Medicinal plants  include about 250,000
species of flowering plants. The World Health
Organization (WHO)  enlisted 21,000
medicinal plant species (Penso 1980). Ghani
(2000) reported that about 500 plant species in
Bangladesh were identified as medicinal plants
because of their therapeutic properties. Yusuf
et al, (2009} wrote 747 plant species have
therapeutic properties. Sterculia foetida L. is
an important tropical medicinal tree species
belonging to the family sterculiaceae, also
known as the Java olive wild almond tree. In
Bengall, it is known as Box badam, Letpan in
Burmese, Vilror in Hindi. Kepoh in Japanese,
Kelumpang in Malay and Wild almond in
English. Sterculia foetida is a large straight,
deciduous tree growing to about 40-45m in
height and 1.533m in circumterence, with the
branches arranged in whorls and spreading
horizontally, It is found as a wild plant native
to Australia, Southeast Asia, and Africa
(Sudrajat 2005). However, 8. foetida is mainly
distributed  in  Indonesia, Bangladesh,
Philippines, Uganda and Somalia (Vipunngeun
and Palanuvej 2009; Kale ef al. 2011). The
plant has an average life span of over 100 years
(Sudrajat 2005; Munarso 2010).

Typically, the kernel of a seed contains between
50 and 60%s bland, light yellow fatty oil (Devan
and Mahalakshmi 2009), It was also reported
that the oil vield was about 350kg/ha compared
to Pongamia pinnata 225kg/ha and rubber seed
120kg/ha (Atabani e . 2012). Tt is found that
the emissions are reduced to some extent when
using biodiesel (Alivu etal. 2011). Biodiese] as
alternative fuel or substation becomes to
replace diesel. Biodiesel production using
esterification and trans esterification process

has been proven worldwide as an eflective way
to reduce the viscosity and acid value of crude
oil using refining stages as well as pretreatment
procedure (Demirbas 2009; Atadashi er al.
2010; Leung ef wl. 2010; Silitonga et al. 2011:
Atbani er al, 2012), Edible oils are obtained
from the seed. Seed content is about 34% oil
{Ram and Mehrotra 1993; Kirtikar and Basu
1999). The leaves of 8 foefida are high in
protein and phosphorus and can contain up to
2.66% calcium. The kermel meal has 31% crude
protein content. The bark is velvety and grey. A
cord is formed of fibers from the bark. The
timber weighs 449kg/m’ and has a decent
finish. It is relatively durable for interior work
and used locally for doors of huts, dugout
canoes, boat planking, guitars and carved toys
etc. Good gum is collected from the trunk and
branches, which are used for bookbinding.
Bark has considerable medicinal value; seeds
are taken as a laxative. Kernels sometime are
used to degrade cacao, The tree plays a vital
role in wvarious fields, such as backvard
planting, boundary markers, coastal protection,
erosion control, environment management efc.
MNutritional studies have proven one- quarter of
the seed to be an oil with a high percentage of
proteins (Burkill 1966}, Sterculia foetida s an
impertant tree species for local populations,
forestry.  biodiversity, and  environment
management (Kramer ef al. 2011). It can play
an essential  role in  the biodiversity
conservation of forests. Duc to  habitat
degradation and over exploitation, 1t has
become rare in Bangladesh. Thus it is necessary
to revamp the species in the country through a
plantation program. A successful planting
program depends on using the right nursery and
plantation technigues and species management
systems. Considermyg this fact, an effort has
been made to study the effect of pre-sowing
treatments on seed germination to recommend
suitable pre- sowing treatments for 8. foetida.
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Materials and Methods
The study area

The study was conducted over 2 years period,
from January 2017 to December 2018 at the
nursery of Bangladesh Forest Research
Institute (BFR1D) in Chattogram, Bangladesh.
Geographic position of the study area is
situated between 22°22.27" and 22°29.0"
North latitude and 91°46.30" and 91°46.30"

Figure 1. Map of Chattogram distmiet in
Bangladesh showing S. foetida at BFRI and the
experimemtal plantation site of Hinguli forest
research station,

East longitudes (Fig. 1). The study region has
a tropical climate with hot, humid summers
and chilly, dry winters. The maximum and
minimum temperature in the area varies from
28.3-31.9°C and from 15.2-25.2°C (Hossain
and Arefin 2012). The majority of the rainfall
(3000mm) occurs June to September.

Seed collection and growing media

The seeds were collected from healthy mature
trees of 30 years old from the Baldha Garden,
Dhaka during the last week of February 2016.
Seeds were dried in room temperature for 2-3
days and stored at dry and cold place. The
collected seeds were sorted out to remove the
discolored, damaged seeds. Healthy dried
seeds were used for the experiment (Fig. 2).
The number of seeds per kilogram was

325-360. The germination trial was carried
out by sowing seeds in germination bed filled
up with soil mixed with decomposed cow
dung at the proportion of 3:1 by volume.
Seeds were sown in the seed bed at the depth
of 1.5-2.0cm.

Experimental design and pre-sowing freatments

The study employed a completely randomized
design (CRD), meorporating three replications.
To determine the effect of pre-sowing
treatment on seed germination and seedling
growth attributes, five different treatments
were applied, The treatments were 1) conirol
{sceds were sown without any treatment), ii)
soaking n tap water for 12 hrs, 1i1) soaking in
tap water for 24 hrs, iv) soaking in tap water
for 36 hrs and v) soaking in tap water for 48
hrs. A total of 750 seeds, 50 seeds per
replication, were used for the germination
trial. The seced trays were kept in nursery
shade for a week before being partially
exposed to sunlight. When needed, manual
watering was done,

Assessment  of  seed  germination  and
seedling growth performance

The study investigated the impact of
pre-sowing treatments on seed germination
and seedling growth through the counting of
germinated seeds and the evaluation of
seedlings  initial  growth  performance.
Cumulative germination was recorded in
every alternate day of sowing and continued
till ending the germination (9 days after
sowing the seeds). All of the seedlings were
measured above ground (from base to leaf tip)
and their number of leaves was counted at one
month of age i order to evaluate their growth
performance. Ten seedlings from each
replication. thus 30 seedlings from each
treatment  were  randomly  uprooted  and
measured for total length (root length and
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(A)
Figure 2. Fruits, seeds and germuination stage o 8. foetida (A), (B) and (C).

shoot length separately) for the assessment.
Seedling vigor index (VI) was calculated
according to Bala and Anderson (1973) as the
germination percentage multiplied by total
length of seedlings (i.e. sum of shoot and root
length).

Assessment of seedling growth performance
in the nursery and field level

To determine the seedlings growth
performance in the nursery aand the field,
healthy seeds were first sown in the nursery
bed with soaking in tap water for 36 hrs.
When the seedlings were about 30 days old
(with 4-6 leaves), they were transferred to the
polybags (23em x 15em) filled with soil
mixed with cow dung (3:1). After a week of
complete shade, the polybags were moved
into direct sunlight, where they were left to
grow, At the start of the monsoon season
(June-July), 225 seedlings were planted in the
field when they were approximalely a year
old. Equal numbers of seedlings were allowed
to grow in the nursery for 1 yvear more, These
seedlings shoot length, root length, and leaf
count was also measured at 3, 6, 12, and 24
months following their transfer into polybags.
Seedlings m the field were planted at 2.0m x
2.0m, 2.5m »x 2.5m and 3.0m x 3.0m spacing
at Hinguli forest research station, Chattogram.

Seventy five (75) seedlings were planted In
each replication, thus in three replications
total 225 seedlings were planted for treatment.
The soil was sandy-loam with a pH 5.7-6.0.
Average rainfall of the area was aboui 3200
mm and average maximum and minimum
temperature  was 34.7°C  and 20.7°C
respectively. Weeding was done at every 4
months m first vear and at every 6 months in
second year in the field. Survival percentage
of the planted seedling in the field was
determined 1 year after planting and height of
each plant were recorded at 6, 12 and 24
months after planting.

Statistical analysis

Data were analyzed with computer software
IBM SPSS ver. 21 to determine the significant
(p=0.05) wvariations among the treatments.
Analysis of variance (ANOVA) and Duncan
Multiple Range Test (DMRT) were carried
out to analvze the data.

Results
Seed permination

The germination period and germination
percentage of §. foetida was influenced by
different pre-sowing treatments. The seed
soaking in tap water for 36 hrs, showed
maximum germination (84%) and within
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10-18 days afier sowing (DAS). Seed soaking
in tap water for 12 hrs showed 75% between
the periods of 13-21 DAS. Seeds soaking m
tap water for 24 hrs showed 77% germination
between 11-19 DAS. Seeds soaking in tap
water for 48 hrs showed 80% germination
between 12-22 DAS. The lowest germination
was recorded [or control (62%) belween
14-22 DAS (Fig.3A & Fig3B). After being
treated with tap water for 36 hrs, the
germination percentage of the seeds was
significantly (P<0.05) higher than that of the
other {reatments,
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Figure 3. Germination percentage and the
germination pattern of 8. foefida (A) and (B).

Seedling growth performance in nursery
condition

The early growth performance of 5. foelida
seedlings was influenced to some extent by
pre-sowing treatment. The shool length, root
length. leaf number and vigor index are shown
in Table 1. The maximum rtoot length
(11.80cm), shoot length (18.90cm), leaf
number (5.40) and vigor index (2379) were
marked with seeds treated with tap water for
36 his followed by seeds soaked in tap water
for 48 hrs, seeds soaked in tap water for 24 hrs
and seeds soaked in tap water for 12 hrs, The
lowest lengih of root (10.12cin), shool
(18.60cm), leal number (4.90) and wvigor
index (1939) were observed for seeds with
control. S=eds soaked in tap water for 24 hrs
or more showed significantly higher values
for rool length, shoot length and leaf numbers
compared to seeds soaked m tap water for 12
hrs or control. The wvigor index of the
seedlings in the study was also increased
remarkably from 1939 in control to 2579 in
the treated seeds soaked in lap water for 36
hrs. The study reveals that there was marginal
variation in seedlings length among the
treatments but the germination percentage of
secds soaked in tap water for 36 hrs was much
higher than the other treatment, which leads to
a considerably high vigor index. The initial
growth performance of these seedlings
including seedling length and vigor index is
also higher than those in the other treatments.
Therelore. the seedlings developed with the
tap water for 36 hrs were used for assessing
the seedlings growth performance in the
nursery and in the field. Nine hundred (900)
sceds were sown in three blocks considering
as replication of the nursery bed for the
purpose. One month old seedlings having 4-6
leaves were transfered in the 15 x 23cm
polybags filled with soils and cow dung (3:1)
and allowed them to grow there (Fig. 4).
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Table 1. Initial growth performance of S. foetida seedlings perminated with different treatments 1

month after germmation.

Root length Shoot length Nao. of leaf Vigor

AreAiments (em) ; (em) ; (nos,) Iniﬂ:

Control 10.12+0.25° 18.60+3.42° 4.90+2.10° 1939

Soaked in tap water for 12 hrs 10.18+0.17¢ 18.80+3.21% 5.00+2.118 2174

Soaked mn tap water for 24 hrs 1005540128 18,872 8§8® 3.204:1 85% 2280
Soaked in tap water for 36 hrs 11.80+0.19* 18.90+2.65% 540+222* | 2579 |

Soaked in tap water for 48 hrs 10.6040.11° 18.854 229" 5.3042.09° 2356

Note: Treatment values associated with same letters indicates no significant differences among the

treatments at (P<{,05); £ indicates standard error of mean.

Following a wyear of transter within the
polybags, 225 seedlings were out planted in
the field (Hingul forest research station). Rest
of the seedlings were grown in the nursery for
one more year. The mortality of seedlings in
the nursery bed., during and after transferring
the seedlings to the polybag was about 2-4%
which is very insignificant. Growth vartation
of seedlings was observed in the nursery in
relation to age and the results are presented in
Table 2. The seedlings reached to 52.67cm in
height afler 3 months, with an average root
length of 16.27cm and mine leaves. The
seedlings reached 98.50cm in height, an
average root length of 21.47cm, and eleven
leaves in just 6 months. At 1 vear, the plant
had an average height of 134.55¢m, a rool
diameter of 29.12cm, and 17 leaves. At 24

(A)

maonths, the seedlings had grown to a height of
193.40¢m, with a root length of 52.2%9cm and
thirty one leaves.

Seedling survival and growth performance
in the field

One year old seedlings of §. foetida raised in
the polybags were out planied in the feld.
Survival was recorded at 12 months and
seedlings growth  performances  were
determined at 6, 12 and 24 months after
planting in the field and shown in Table 3.
Survival percentage wvaried fom 94-97%
among the treatments at 12 months after
planting. The seedlings height varied from
108.7-120.0cm at 6 months, 101.9-155.4¢cm in
| year and 166.7-212.6cm in 2 years among
the treatments. The height growth of the

(B) L (€)
Figure 4. Seedlings of 8. foefida at MFPD nursery at BFRI. {A). one month old (B). 12 months
old and (C), 24 months old seedlings.
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Table 2. Seedlings growth performance of 8. foefida at different age (up to 24 months) in the nursery.

Age of seedlings | Survival | Average length of | Average length Average number of
___ (month) % roots (em) | ofshoot (cm) | leaves per seedling
3 9 16272040 | 52674090 | 9070 |
6 98 21.47+0.11 98.50+0.82 11£0.11
12 96 20.12+40.21] 134.55+1.21 1740.19
24 i 52.209+0.41 | 193 404149 31+0.39

Table 3. Survival percentage and seedlings growth performances of S. foerida in different spacing
at Hinguli forest regearch station after out planting.

Age of seedling Survival Average height (em)

(Spacing used) (*a) 6 months 12 months 24 months
2.0m x 2.0m 97+2.11* 120.0+3.11° 155.4£2. 19" 212.6:2.11*
25m x 2.5m 95+4,29° 112.5£2.59" 1291+ 2,018 179.5+ 1.55°
30mx 3.0m D424 578 108, 7+1.61° 125,91 848 |66, 7+ | 428

Note: Means followed by same letlers are not significantly different at (P<0.05)., according to Duncan’s

Multiple Range Test (DMRT), & indicates the standard error of the mean.

seedlings was maximum (212.6cm) in 2m x
2m spacing In 2 years, 179.5cm in 2.5m x
2.5m and minimum {166.7¢cm) in 3m % 3m
spacing (Table 3). The microclimatic
conditions between the spacing may be the
cause of the variation in the height growth of
the seedlings. The survival percentage and
height growth of the seedlings in the field
were satisfactory in 2m ¥ 2m. Considering the
above-mentioned facts and the comparatively
less land requirement, 2m x 2m spacing may
be considered for planting seedlings in the
field.

Discussion

The germination process and seed
germination rate can be affected by seed
treatments {Azad 2006a; Azad er al. 2011;
Azad et al. 2012). The effect of pre-sowing
treatments on seed germination of some
tropical forest tree species has been reported
by several authors (Ahmed ef al. 1983: Matin
and Rashid 1992; Koirala e al. 2000; Khan et
al. 2001; Alamgir and Hossain 2005; Azad et

al, 2006b; Matin er al. 2006; Haider et al.
2014; Haider ef al. 2016). According to Thapa
and Gautam (2006) identification of suilable
pre-sowing treatments is necessary for
quicker and higher seed permination. Soaking
the seeds in tap water helps in softening the
coats, removal of inhibitors and reduces
required time for germination and enhances
percentage (Hartman et al. 2007). Gupta
(2003) reported that overnight soaking of
Rawwolfia serpentina seeds in cold water
offered increased germination (86%) against
control (62%). Acacia catechu seeds showed
better germination (80%) against control
(62%) when the seeds were soaked in cold
water for 24 hrs (Haider et al. 2014). The
germination percentage (84%) was almost
similar to the previous studies. The findings of
the present study are almost identical to those
of the earlier research that are discussed here.
However, there were significant differences in
growth performance observed among the
treatments at p<0.05, Similar results were
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reported by several authors and mentioned
that pre sowing treatments enhance the seed
germination and seedling growth performance
in the mursery condition. The study reveals
that seedlings out planted at 2m x 2m spacing
in the field were found suitable for successful
plantation raising for S foefida. Similarly,
Haider er al. (2014) mentioned that dcacia
catechu seedlings showed satisfactory growth
performance when they are planted at 2m x
2m spacing at the age of 6 months in the field.
Haider ef al. (2016) also mentioned that
pre-sowing treatment of seeds in hot water
(100°C) for 10 sec. for nursery raising and 1
vear old seedlings for out planting at 2m x 2m
spacing in the field were found suitable for
successtul plantation of Sapindus mukorossi.

Conclusion

The pre-sowing treatments of seed mnlluence
the germination percentage under nursery
condition. Seeds start germination 9 days after
gsowing and complete within 10 days.
Maximum germination and highest initial
growth performance were perceived in seeds
trealed with tap water for 36 hrs, which was
much higher than other treatments. Minimum
mortality is ensured by pricking the seedlings
from the nursery bed to the polybag 30 days
after germination. The suorvival of the
seedlings (97%) and growth performance of
the seedlings in the Held were satisfactory
after out-planting 1 year old seedlings at 2m
2m spacing. Therefore, pre-sowing treatment
of seeds with tap water for 36 hrs 18 suitable
for seedling raising in the nursery and
seedlings out planting at 2Zm x 2m spacing may
be suggested for the plantation program.
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Absiract

Heat treatment 15 aften used for improving the
dimengiona! stability of wood. In the preseni siudy,
determination of physical and mechanical propertier of
Gamar {Gmelina arbovea), Mango (Mangifera indica)
and Sil kovoi (dlbizia progera) throygh heat treatment
were examined. Sampleg were exposed fo remperature
fevely of 113°C, 130°C and 150°C for time duragions 3,
& and ¥ hours respectivelv. Treated samples had kigher
mechanical properties compared to confrof somples.
Baged om the findings in thig stwdy, dimengional stobifity
af all tvpes of wood sampley improved with hem
preapment. {1 seems thar properties of these wood
evaluated in this imvesfigation were more pronounced
with increasing temperature and rime duraiions,

FEEe

T AP B F C o0 TT S ST 45T 0T | 4T
ST, W ST W AT (Geelina arboren), S
(Mangifera indica) ‘& ™59%% (Albizia procera) F&7
#TE @ Tt edfferis T AETeT Sue o A 9w
FUT AT (o TG 7, boo [ 7, @ dge [ o7 0
FIE W R (@, & e b T ST O Ay

Gl Y (7, FEEE TETT G S SIS TN AT
e (P ) AN e TR B I oy W, we
T G2 T T A T F@T et I oA

Keywords: Albizia procera, Gmelina arborea.
Heat treatment, Mangifera indica. Mechanical
properties, Physical properties, Temperature.

Introduction

Wood is the fifth most important product of the
world trade (Christophe and Gregoire 2001},
Due to its poor dimensional stability and low
durability under wvanable atmosphers
circumstance, researches on  stabilization
treatment are carried out to limit the moisture
absorption by destroying or, combining the
hydroxyl groups of the wood (Yan-jun et af.
2002), When wood 15 heated, its chemical and
physical properties undergo permanent
changes and its structure is reformed. IMeat

Ciration: Rokeya, LK : ALl MR ; Rabran, M_A_ Tasnim. T, Hossain, M. A and Dey, T 2023 Determmation of Physical end Mechamcal
Propemies of Gemer { Gaeling arbores), Mmngo (Wangifern fndics) and Sil korol (4bizia procera ) Wood through Heat Treatment. Bangledesh
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treatment is one of the most environmentally
[riendly allernative processes to modily and
improve some properties of wood. Mainly, the
industrial process involves wood modification
using high temperatures at different levels and
with various time intervals- Heat treatmentl
schedule (Boonstra. 2008; Korkut ef al. 2008:
Esteves and Pereira 2009; Baysal er al, 2014;
Elaieb er al 2015). Several studies have
reporied on enhanced properties of thermally
modified wood such as resistance to fungal
attack, equilibrium  moisture  content,
shrinking and swelling. In addition, the color
of heat-treated wood adds aesthetic value
(Rorkut and Hiziroglu 2009; Salca and
Hiziroglu 2014). Solid wood is a versatile and
renewable matenal that is widely used
different applications. However, due to the
hygroscopic nature of wood 11 has some
undesirable properties such as poor resistance
apainst biological attack of fungi and insects,
and swelling and shrinkage caused by water
absorption and desorption. These limit the
outdoor applications of wood (Kocacfe ef al.
2007). The most commonly used method of
wood preservation is chemical treatment
which involves the impregnation of chemical
substances such as traditional oil (cregsote,
pentachloro-phenol) and chromated copper
arsenate mio the wood. Dilferent preservation
methods are sought in order to avoid the toxic
effects of these chemicals. Wood treatment at
high temperature is a wvery promising
alternative to the chemical treatment (Poncsak
el al. 2006).

Heat treatment is an effective method to
improve the dimensional stability of wood
and resistance against  bio-degradation.
However, there is a noticeable reduction of
mechanical properties after heat treatment,
mainly due to the high temperatures involved
(Esteves and Pereira 2009: Bekhia and Niemz

2003; Korkut 2008). Different methods for
thermal modification of wood have been
developed in France, Fnland, Netherlands
and Germany since the middle of the last
century. In general, the effects of heat depend
on the conditions of the heating process, and
lemperature is the most important factor to be
laken into consideration. The main targets for
industrial heal treatment are improved
dimensional stability, increased biological
durability, enhanced weather resistance and
decreased shrinking of changes in the physical
and mechanical properties of [Iranian
Hormbeam wood (Carpinus betulus) with heat
treatment (Ghalelmo and Nazerian 2011).
This reduction results i increased
dimensional stability (Krause er al. 2004),
smaller moisture-induced movement In
service (Militz and Tjeerdsma 2001) and
mmproved resistance to fungal decay for above
ground applications (Farahani er al. 2001;
Heger ef al, 2004), It is also held that the
environmental credentials of thermally-
modified woed (TMW) m terms of
ecotoxicity are superior to that of untreated
wood and may surpass those of several
man-made materials (Van Eetvelde et al
1998). Exposing wood to high temperatures
however decreases its strength under various
forms of stress (Gonzalez-Pena and Hale
2007). Previously determination of effect of
heat treatment on physical and mechanical
properties of five tree species. The best way of
utilizing heat-treated timber is to make use of
these improved properties. Indeed, it is
possible to use low cost species for a higher
end market. The aim of this study was
determination of physical and mechanical
properties of Gamar (G, arborea), Mango (M.
indica) and Sil koroi (4. procera) through
heat treatment.
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Materials and Methods

Nine representative trees of Gamar (G
arborea). Mango (M. indica) and Sil koroi (4,
procera) species were collected from
Dhalupara in Bandarban district (Fig. 1).

Measurement of properties

Small clear specimens were lested, in both
green and air-dry states, for the following
physical and mechanical properties using the
procedure given in ASTM (Anon 1971).

content. Each treatments group was heated at
a given temperature for a given period in a
convection oven., The heating period was
110°C, 130°C and 150°C for 3, 6 and 9 hrs
respectively. Following heat treatment, all
specimens Including untreated controls were
stacked indoors until the moisture content was
about 12-15%. Physical properties like
moisture  conlenl, specific gravily and
volumetric shrinkage. Mechanical properties
including modulus of rupture, modulus of
clasticity, maximum crushing strength,

Original weight - Oven dry weight

Muisture content (%4) =

Oven dry weight

x 100

Owen dry weight

Specific gravity =

Volume at green or air dry or oven dry condition

Green dimension- Air dry dimension or Oven dry dimension

Volumetric shrinkage (%) =

1. Physical properties

Three samples per bole were selected
randomly from each of the (rees consecutive
2.50m bolts above the stump height of each
tree, One disk was taken from each bolt for
determination of moisture content (MC),
specilic gravity and shrinkage. The sample
size for MC and Specific gravity was 2.54cm
* 2.54em x 5.08¢m and for shrinkage was
5.08cm = 5,08¢m =15.24cm.

2. Mechanical properties

For delermination of mechanical properties,
the holts were marked into 6.35c¢m” according
to the standard sawing diagram and were
sawn to 6.35¢m * 6.35¢cm * 2.50m sticks. The
sticks for air-dry test were stacked using
suitable stickers inside a drying shed and
allowed to attain the equilibrium moisture

% 100

(ireen dimension

compressive strength, hardness and shearing
strength of heat treated, samples were
determingd as per specification of American
Society for Testing Materials (ASTM).

(A4) Static bending

The size of specimens was 3.08cm * 5.08cm
¥ T6em is tested on a 71.12¢m span with
center loading. Tt furnishes data on bending
strength and stiffness for use as beams. joists
etc. The parameters of static bending are as
follows:

i) Modulus of rupture (MOR)
The modulus of rupture, MOR (eqn. 1} can be

found by substituting the maximum load, P1
for the load al the proportional limil.

MOR =EL,

2hh®
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Figure 1. Different steps of the determination for physical and mechanical properties of Silkoroi

wood (A-T).
i) Modulus of elasticity (MOE)
The modulus of elasticity, MOE (egn. 2) can

be determined and substitution

Pi*

MO = dybh?

Where,

P = Load at the proportional limit

| = Span of the test specimen

b = Breadth of the test specimen

h = Depth of the test specimen

Pl= Total load and

y = Deflection at the proportional limit

B) Compression parallel to grain

The size of specimens was 5.08cm * 5.08cm
x 20cm. It furnishes data on strength and
resistance to deformation when loaded in
compression parallel to gram in a short post.

Maximum crushing strength C,

o P
T A
Where,

P = The greatest load

A= Area of cross section of the column

C) Compression perpendicular to grain

The size of specimens was 5.08cm * 5.08cm
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# 15cm. It furmnishes dala necessary in
computing the beaning area required at the
ends of beams, joists or loads applied over
limited area.

Compressive strength.

§PL ==

Where,

P = Proportional limit load

A = Area under the bearing plate
D) Hardness

The size of specimens was 5.08em = 5.08cm
* 15cm. It furnishes measure of resistance to
indentation and wears which ¢ useful in
selecting species for Mooring, trim, ete.

Statistical analysis

The average walues of wvarious strength
properties including standard deviation in
control, 110°C, 130°C and 150°C and 3, 6 and
9 hrs conditions were analyzed. For all

parameters, all multiple comparisons were first
subjected to an analysis of variance (ANOVA)
and significant differences between mean
values of control and treated samples.

Results

Physical properties

The average values of physical properties such
as moisture content, specific gravity and
volumetric shrinkage of Gamar (G, arborea),
Mango (M. indica) and Sil koroi (4. procera)
wood were evaluated and presentad in Table 1.
The average values of physical properties
including standard dewviation in both control.
during heat freatment at 3 different
temperatures (110°C, 130°C and 150°C) and
durations (3, 6 and 9 hrs) were observed.
According to the average values of maximum
paramelers  increased  with  increasing
temperature. In some cases, these values were
decreased with increasing temperature in
treated samples than in control samples.

Table 1. Sper:lﬁ{: gravity and volumetric shnnkage of Gamar, Mango and Silkorot (14% ML.C).

Species '{f:';‘ﬂ ,:fl'r';}'i Specific gravity V“‘“'““‘}Lf,,j“"'_fk“ge
Control ] D 530wdL P ORaEEE" S B WAL O
3 0.55+0.017 4.5_@1 0.23
110°C 6 0.53+£0.017 543+ 0.46
9 0.52% 0.043 4.75%0.29
3 0.544:0.015 4 064+ 0.20
Gamar 130°C 6 0.5240.012 4.03+019
0O {].53_:|: 0.011 4.63+0.27
3 0596+ 0.024 4. E3+0.32
150°C 6 0.54 £ 0.027 431022
o ﬂSjj_ﬂ{BE 4&3_1_{}19
Control 0 .59+ 0.025 8.22+0.97
3 (]59:1:{] 015 9(}2:&1{)8
110°C & .57+ 0038 8.61+1.03
9 0.56+ 0.025 9.03+1.05
3 0.50£0.016 765+ 082
Mango 130°C 6 0.60+ 0,036 7.03+0.79
9 EI f:{]i: {l {}56 237+ 1.03
3 0.57+0.042 7.21£0.76
1500 G ﬂ 574 0,038 2.194 0.93
9 0.55+£ 0028 2.02L0.92
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Species I,g‘ﬂ ;Eﬂ Specific gravity V"'““‘“E:,f,ﬂ’;"““k“g"

Control 0 0.66=0.017 4,00+ 0.23
3 0.66+ 0.013 446+ 0,25
110°C 6 0.67+0.022 5.06= 0,39
9 0.66+ 0,019 501027
Silkoroi 3 0.69+ 0.016 6.5+ 0.35
130°C 6 0.680.013 4.85+0.32
9 0.67+ 0.035 5.12+ 031
3 0.68+0.012 4.97+ 020
150°C 6 0.64+ 0.027 4.17+0.22

9 0.61+0.025 6.13x034

MNote: *hrs=hours. ** Temp = Temperature, *** Ave = Average, ****+ 5D (Standard deviation),
The mean difference is significant at the 0.05 level.

Mechanical properties

The average values of mechanical properties
such as static bending in MOR and MOE,
compression parallel to gram in maximum
crushing strength, compression perpendicular
to grain in compressive strength, hardness
values of surface Side and End and shearing
strength of radial and tangential values of
Gamar, Mango and Sil koroi wood were
evaluated and displayed in Table 2 & Table 3.

The average wvalues of strength properties
including standard deviation in both controls,
during heat treatment al three dillerent
temperatures (110°C. 130°C and 150°C) and
durations (3, 6 and 9 hrs) were supplemented.
According to the average values of maximum
parameters  increased with  increasing
temperature. In some cases, the resulls
showed that these values were decreased with
increasing temperature i treated samples
than in control samples.

Table 2. Static bending. Crushing strength and Compressive strength of Gamar, Mango and Silkoroi.

) Temp. Time Static ]:-fnding Max.crushing | Compressive
Species (°C) ** | (hrs) * (kg/em?) strength strength
MOR MOE (kg/cm?) (kg/em?)
LLL I e W TR L LLL oy o
Cnnlrﬂl EF **iﬁltizﬂl 4““'1'1'?;?;3 .**:"?::E H'I'I*Hf}]‘:':._i
3 577+ 28 79 £ 5.50 247 & 8.50 64 3.00
110°C 6 5824 23 74+ 4.34 265 + 43.2 BG = 8.54
G 9 705+ 19.5 B2+ 7.21 28T+ 19.6 B2+ 16.17
3 623 = 56 #3236 256+ 17.2 74225 |
130°C 6 560=97 | 7I=113 | 276=31 R0+ 15.0 |
9 704 = 63 82 £ 3.06 3054 52 97+ 243
3 G67=76 | ST=400 | 262+¢42 | 96£225
150°C | 6 | 711=4l7 | 82+ 230 279+ 40 | 84210 |
9 793 £56 | 92124 | 307=494 | 110=144
| Control 0 632+ 31 | 79+ KIX |  335:735 R7+ 12
3 671+ 46 | 6BETH 323% 18.0 127+6.35
Mango | jjpec 6 $91+ 117 | 79+ 838 | 279+ 24.0 1072 12
9 621 £ A Ta:kE 164 200216 93+ 9.07

bl
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: Static bending Max.crushing = Compressive
Species | {FEETE* {I;:;i_ (kgfem?) strength strength
' MOR MOE (kgl/em?) (kg/em?)
3 769 + 56 §0 10,0 345 = 353 11317
130°C 6 757+ 49 GRL 8.0 280 £33 103+ 24
9 R17£53 73+ 97 341+ 537 116 =600
3 486+ 139 i+ 14.0 354 + 47 114 £11.3
150¢°C 6 726 + 91 74+ 4.16 390+ 51.4 124 £19.5
g 703+ 77 o8+ 3.05 427+ 50 110+7.37
Control 0 689+ 9% O6= 19 413:24 1332110
3 714+ 40 120£28.5 4332254 183+ 16
110°C 6 898 + 52 129+ 13 470+ 96.7 172+ 42
9 941+ b6 132+22.5 431+ 38 168432
. . 3 831 + 20 109+3.5] 405 +17.5 152+ 21
Silkoroi | {307 6 732¢ 45 85429 495 £98.6 204+ 334
9 9724 79 1054 31 428 +10.4 1394 26
3 800= &6 134 49,0 493=31.3 160 = 8.5
150°C 6 861+ 119 117+ 23 501+ 40.26 188+ 3
| 9 1052+ 151 123+ 15 5934108 | 148421
Note: *=hours. ** = Temperature. *¥*= Average *¥¥*=5[).
Table 3. Shearing strength and Hardness of Gamar, Mango and Sil koroi wood.
Temp. | Time Sheariu_g strength Hardness
Species (°C)** | (hrs)* (kg/em?) (Kg)
| Radial Tangential Side End
L'l ***85&_ O l‘][H: ﬁ'ﬁttz‘f l= FEw 3["]}
Control w54 5 40 #4523 #wee 73 #44517 5
3 85+£3.51 87 +10,4 230229 262+7.63
H0°C 6 840 45 92+ 11.0 288+10.9 313£18.0
0 73+ 6,83 65+ 6.24 287177 205166
Gamar 3 103+ K.72 114 +21.5 275+26.% 3404283
130°C | 6 93 +15.0 115423 230+15.6 267=18.3
g 113+ 1.73 125 7.0 200+13.6 292+24.3
3 87111 100+ 14.0 265+24.7 287+7.07
150°C A 69+ 6,36 89+ 7.93 323421.9 3714236
9 82=4.58 94+ 4,16 7849 89 314+24 4
Control 0 110+3.54 118£10.27 I56£6.37 426+15.7
3 129+ 4.24 134+ 10.6 208422 8 363+33.3
[ 10°C ] 1274778 189,19 309£12.7 370+13.6
9 134 £16.3 [ 14+ 7.50 3124635 388184
Mango 3 113 42.83 120+ 3.54 311138 370+17.8
130°C 6 155 £3.54 137+ 11.3 3704210 337+20.5
g 159414 1432781 3734238 400£7.57
3 113£11.5 125 = 14.7 3734113 429+19.0
150°C 6 | 134+2.52 [18+13.27 367+14.4 440+10.4
g | 1394187 1324 13.1 370+5.6 4224735
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Temp Time Shearing strength Hardness
Species | {."C".' e (hrs) * {kg.ﬂ::m‘] (Kg)
Radial Tangential Side End
Control ] 131 7.43 1244 6.23 4654286 363456
3 | 594424 123 =10.6 346448 426+41
110°C 6 |85+7.78 165+9.19 43345.64 49147.78
g 175+16.3 169+ 7.80 397433 450123
Sil koroi 3 153+ 2.83 149+ 3.54 363436 477343
130°C 6 152+ 10.4 125+ 15.8 529+£17.42 623+11.7
] 192+ 104 2104663 4804134 S65L18.5
3 158+ 131.5 149 =10.5 §18+16.27 433+17.0
150°C 6 160= 113 163+ 12,3 439427 4 SAKL183
§ | 1632119 | 1744224 | 6444778 | 7294934

Note: *=hours. ** = Temperature. *¥*= Average *¥***=8D,

Gamar (Gmelina arborea)

In the case of Gamar, the results showed that
the specific gravity of Gamar at 110°C, 130°C
and 150°C temperatures was higher at 3 hrs
than 6 and 9 hrs. The highest decreases were
0.52 at 110°C for 9 hrs and increases were
0.56 at 1530°C for 3 lus. According to the
results obtained, the lowest and highest
decrease in volumetric shrinkage occurred for
treatments at 130°C and 150°C for 3 hrs. The
volumetric shrinkage values were decreased
with increasing temperature and heat
treatment time (Table 1}, The results showed
that the mechanical properties of the
specimens exposed to heat treatment (Table 2).
The average values of modulus of rupture at
1507C temperature was higher for @ hrs than 3
and 6 hrs than both at 110°C and 130°C
temperature. The modulus of rupture at 150°C
the bending swength at maximum heat
treatment temperature is in wood treated at
150°C for 9 hrs is 793 kg/em?. The modulus of
clasticity at 1530°C temperature was higher
than both 110°C and 130"C temperatures. The
highest value of modulus of clasticity 92
kg/em?® at temperature 150°C for 9 lus
whereas the lowest value of 71 kg/em?® at
temperature 130°C for 6 hrs. The higher value
of compressive strength 110 kgfem® at

temperature 130°C for 9 hrs whereas the
lower value of compressive strength 64
kg/em?® at temperature 110°C for 3 hrs. The
lower value of maximum crushing strength
was 229 ke/cm?® in control whereas the higher
value was 307 kg/cm? at temperature 150°C
for 9 hrs. The higher value of shearing
strength (radial) 113 kg/em?® were exhibited at
temperature 130°C for 9 hrs whereas the
lower value of shearing strength (radial) 69
kg/cm? were showed at temperature 130°C for
6 hrs, The higher value of shearing strength
(tangential) 125 kg/cm? at temperature 130°C
for @ hrs whereas the lower value of shearing
strength (tangential) 65 kg/em® at temperature
110°C ftor & hrs. The higher value of hardness
(Side) was 323 kg; End 371 kg at temperature
150°C for 6 hrs whereas the lewer value of
hardness (Side) 200 kg: End 262 kg at
temperature 130°C for 9 hrs and 110°C for 3
hrs (Table 3).

Mango (Mangifera indica)

The results of this study showed that the
average specilic gravity and volumetric
shrinkage values of control samples were
determined to be 0.59 and 8.22(%). The
smallest decrease was observed in the
treatments at 130°C for 6 hrs. The highest
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decreases were 0.55 at 150°C for 9 hrs and
inereases were 0.60 at 130°C lor @ hrs (Table 1),
The average values of MOR at temperature
130°C for 9 hrs was higher than both
temperatures 110°C and 150°C. The highest
value of MOR 817 kg/em®, 769 kg/em® at
temperature 130°C for 3 hrs whereas the
lowest value of 391 kg/em® were found at
temperature [10°C for 6 hrs. Daia also
indicated that the MOE value was higher at
temperature 130°C than both 150°C and
110°C. The highest value of MOE 80 kg/cm?
were observed at temperature 130°C for 3 hrs
whereas the lowest value of 68 kg/em?® al
temperature 150°C for 9 hrs. The higher value
of maximum crushing strength was 427
kg/em® at lemperature 150°C for 9 los
whereas the lower value was 279 kgfecm?® al
temperature 110°C for 6 hrs. The higher value
of compressive strength 124 kgfem® at
temperature 150°C for 6 hrs whereas the
lower wvalue of compressive strength &7
kg/cm?® in control (Table 2). The data mdicated
that the higher value of shearing strength
(radial) 159 kgfem® was at temperature 130°C
for 9 hrs whereas the lower value of shearing
strength 110 kg/em?® in control. On the other
side, the higher value of shearing strength
(tangenhal} 143 kgiem® were showed at
temperature 130°C for 9 hrs whereas the
lower value of shearing strength (tangential)
108 kg/em® at temperature 110°C for 6 hry at
temperature 110°C for 6 hrz whereas the
higher value of shearing strength (radial) 166
kg/em?® at temperature 130°C for 6 hrs. The
higher value of hardness (Side) 373 kg was
displayed at temperature 130°C for 9 hrs and
hardness (End) 440 kg was at temperature
150°C for & hrs whereas the lower value of
hardness (Side) 286 kg was in conirol and
hardness (End) was 337 kg at temperature
130°C for 6 hrs (Table 3).

Silkoroi (Albizia procera)

The test results revealed that the average
specific gravity of Silkoroi wood at 110°C,
130°C and 150°C temperature was higher for
3 hrs than 6 and 9 hrs. The lowest decrease
was observed in the treatments at 130°C for 3
hrs. The highest decreases were (.61 at 150°C
for 9 hrs and increases were (1.69 at 130°C for
3 hrs. According to the results obtained, the
lowest and highest increased in volumetric
shrinkage occurred for treatments at 130°C
and 110°C for 3 hrs. The volumetric shrinkage
values were decreased with increasing
temperature and heat treatment time (Table 1).
The average wvalues of MOR at 150"C and
130°C temperature was higher 9 hrs than both
3 and 6 hrs at 110°C temperature. The highest
values of MOR 1032 kg/cm?, 972 kg/cm® at
temperature 150°C and 130°C for 9 hrs than 6
and 3 hrs whereas the lowest value of 689
kgicm?® in control. The MOE value at 150°C
temperature was higher than both 130°C and
110°C temperature. The highest value of MOE
134 kg/cm® at temperature 150°C for 3 hrs
whereas the lowest value of B85 kg/em? at
temperature 130°C for 6 hrs. The higher value
of maximum croshing 593 kg/cm?® was found
at temperature 150°C for 9 hrs whereas the
lower value was 405 kg/cm* at temperature
130°C for 3 hrs. The higher wvalue of
compressive  strength 204  kg/em®  was
revealed at temperature [30°C for 6 hrs
whereas the lower value of compressive
strength 133 kg/cm?® in control (Table 2). The
lower value of shearing strength (radial) 131
kgicm* were displayed in control at
temperature 130°C for 6 hrs whereas the
higher value of shearing strength (radial) 192
kgien?® at temperature 130°C for 9 hrs, The
higher value of hardness (Side) 644 kg; End
729 kg were found at temperature 150°C for 9
hrs whereas the lower wvalue of hardness
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(Side) 346 kpg; End 426 kg at temperalure
110°C for 3 hrs. The maxmimum strength
values were increased with increasing in
temperature and heat treatment time excepl
shearing strength (Table 3).

Discussion

Ghalehno and Nazerian (2011) reported that
the bending strength for Carpinus befulus
wood was 933 ke/em?® at temperature 130°C
for 9 hrs 15 higher than Gamar and 150°C for 9
hrs is lower than Silkoroi. Afler heat
modification, the hornbeam wood acquires a
color that simulate some tropical species the
mamn targeis for industrial heat treatment are
tmaproved dimensional stability, increased
biological durability, enhanced weather
resistance and decreased shrinking. Kaygin
et al. (2009) reported that physical properties
of Paulownia elongata wood improved with
mereasing  treatment  temperatures  and
durations, the specific gravity of lowest
values obtained was 0.278 at the treatment of
200°C for 7 hrs whereas the highest values
was also obtained 0.32 for samples treated at
160°C for 3 hrs. Giindlz et al. (2008) reported
that, when wood has been treated at high
tlemperatures and long durations, 1t is
recommended that such wood not be used
structurally  for  load-bearing  purposes.
Farahiani ef al. (2001) reported that heat
treatment 18 improved resistance to [ungal
decay [or above ground applications. Poncsilk
et al. (2006) reported that heat treated birch
and showed a reduction of bending strength
(MOR) with increasing heat treatment
temperature  especially  above  200°C.
Moreover, modified wood is much cheaper
and does not require additional surface
finishing and impregnation with protective
substances and can be used for {loor covering,
garden furniture and decor, the arangement

of terraces, playground ete. Rokeya et al.
(2021) reported that, physieal properties of
Acacia  hvbrid wood improved with
increasing  treatmenl temperalures and
durations, the specific gravity of lowest
values obtained was 0.57 at the treatment of
110°C for 9 hrs whereas highest values was
also obtained 0.62 for samples treated at
150°C for 6 hrs, The average values of MOR
al 150°C temperature was higher 6 and 9 hrs
than both at 110°C and 130°C temperature.
The highest value of MOR 1128 kg/em?, 1120
kg/em? was exhibited al temperature 150°C
for 6 and 9 hrs whereas the lowest value of
742 kg/em® in control.

Conclusion

Treated wood has its own properties which are
not comparable to that one of untreated wood.
In this research, strength values of the samples
of Gamar. Mango and Sil koroi wood
increased with  increasing time and
temperature treatments. The smallest decrease
was observed at the thermal treatment of
110°C for 3 hrs. The maximum increase of all
properties was observed when samples were
treated with a temperature of 150°C for 9 hrs,
the increase in strength values when
evaluating the effectiveness of using this
treatment. In some cases, it is shown that the
strength properties decrease with mcreasing
temperature and time duration.
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Abstract

Nursery irinls ware conducred 1o exgmine the affects aof
slorage fime (days) ond shade on agar (Aguilaria
mafaceensis Lamk) seed germination and seedling
growth, Three levels of shade were opplied, eg. full
shade, partial shode, ond no shade. Seed sowing was
JSollowed by a 33-days monitaring perfod to ohserve the
germination process, cwlmingting {n the  final
germination stage. Maxinum germination (92%) was
abiaied with fresh seeds followed by 39.6% ar 5 days
and A% giter 10 davs of stoved seeds. There iy no
gersiination of seeds after 15 davs stoved seeds. The
shade tolevance capacitg of agar sesds was assessed
during germination by paviial shade and full shade as
compared ro conral reameents (Wo shade), Maxinwm
germination (78%) was obtained under full shade
(Toubhle laver mesh cloth) in comparisan fo simgle lnper
mesh ofoth shade and control (75% and 63.8%
respectively). The significant correlaiion (p = 0.03) was
ohserved Detween seed moigiure conlen! ond seeds
germination percentage, The growih poramerers like
plumule; vadical length; plant height and leqf areq were
also higher wunder full shode, Direct Tight as well as
siorage of seeds even jfor few dovs reduce seed
germination and seedling growh considerably siressing
Jactors for regenerarion of agar in (he field These
Jindings may be wsefil for raising seediings ar lorge
geale for Aquilaria plantation programmes.
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Keywords: Agar, Germination, Recaleitrant
seeds, Shade tolerance, Storage period.
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Introduction

Aquilaria malaccensis Lamk (Agar) 1s a large
evergreen iree, up to 30m tall with clear bole
and maximum 60cm m dbh (Hossain 2015). It
is reported as a shade tolerant tree found
growing undemeath tall frees m the tropical
and sub-tropical evergreen forest in nature
(Swaine et al. 1997). Natural populations
occur mostly in South and South-East Asia. In
the past, agar naturally grown in the forests of
greater Sylhet, Chattogram and CHT of
Bangladesh (Baksha et al. 2009). The high
value of the wood has
mdiseriminate felling of natural populations,
and the species is listed in CITES. Agar is a
mid-canopy tree and propagates readily
through seeds. Aquilaria seeds are produced
during the monsoon season, Le. June to
August. Seeds are rtecalcitrant with short
viability. Studies on seed biology and
physiological ecology help to understand the
processes such as germination, establishment,
succession, and regeneration that occur in
plant communities. The changes in light
quality and temperature fluctuations are the
main factors that influence seed germination
(Souza and Valio 2001). Generally, late
successional, shade tolerant species have
larger seeds with high water content, short or
no dormancy with short life period (Swaine
and Whitmore 1988); however, some shade
tolerant species may have smaller seeds
(Kelly and Purvis 1993) than Ii ght demanders.
Germination in some small-seeded species,
although not possible in the dark, but can
occur under conditions of low red/far-red
ratios (R/FR) as in the forest understory trees
{(Drake 1993). Tolerance 15 a term that
foresters and ecologists use to indicate a tree's
capacity to develop and grow in the shade of,
and in competition with, other trees. It 15 the

resulted 1in

degree to which a species can share resources
on a site and still be suceessful, most ofien
reflects as shade tolerance. Shade tolerance is
the relative capacily ol lree species 1o
compete for survival under shaded conditions.
This functional adaptaton varies between
species lo species and becomes evident in
[orest succession. The natural regeneration
rate of Agar1s reported to be high { Soghartono
and Newton 2001a). However, the seed
production and seedling dispersion in the
forest is limited. Under nursery conditions, it
has been documented that fresh seeds exhibit
a high germination percentage, whereas
stored seeds show a lower germunation rate
(IUCN 2012). Comprehensive research on
these aspects may be helpful since
germination capdcity i also influenced by
abiohic and other factors hke light availability,
soil type and seedling density (He ez gl. 2005).

Agar is an esconomically important but
critically endangered tree species (Oldfield er
al. 1998). It has been listed in the *Word List
of Threatened Trees since late 2000s
{Chakrabarty er al. 1994). The people’s
understanding about wvaluable and precious
agar wood has led to its heavy extraction from
natural forest in recent years. In addition to
utilization pressure, agar tree faces limitations
from Important ecological factors namely,
light availability, seed viability period and
insect attack both under nursery and field
conditions. Being a tretnendously important
tree species, information is required on the
growth and survival of the species in response
to different environmental factors to manage
it sustainably, Few studies on regeneration of
Agar species using different technologies
have been undertaken (He er al. 2005; Ahmad
and Gogoi 2000) as most seeds become
incompatible within very short periods (Gupta
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2004). Keeping in view the degradation of
natural population and biological
conservation of Agar in Bangladesh,
investigations were carried out with the main
objective to understand the response of agar
seed biology and effect of shades on
germination and establishment of seedlings
in the nursery.

Materials and Methods
The study aren

The study was carried out in the pursery of
Seed Orchard Division, Bangladesh Forest
Research Institute (BFRI), Chattogram, over a
period of 1 year from June 2019 to July 2020,
The climate of the study area is tropical in
nature and characterized by humid summers
and cool dry winter. The maximum and
rnimum temperature in the area varies from
28.31°C to 31.9°C. Mean apnual rainfall is
around 3000mm mainly occwrred from June
to September (Hossain and Arefin 2012)

Seed collection and growing media

The seeds were collected in the middle of June
2019 from 15 - 20 years old matured healthy
plus trees from Dulahazara, Cox’s Bazar,
Bangladesh. Healthy and fresh seeds were
used for the experiment, The number of seeds
per kilogram was 1.500. The germination trial
involved sowing these seeds in a sand-filled
seed bed at a depth of 0.5-1.0cm.

Effect of storage peviods on seed germination

Germination tests of agar seeds were
conducted with four treatments (0, 5, 10 and
15 day’s stored seeds) in the nursery of Seed
Orchard Division, BFRI during June to
August 2019 (Fig. 1). Fresh and healthy sceds
of uniform size were separated into four lots
with three replications of fifty seeds each.
From each lot, the seeds were sown in the
nursery bed after measuring their fresh
weight, The number of seedlings was counted
to 35 days after sowing. The percentage of
germination  was  calculated wusing  the
following formula (Kumar 1999):

Mo, of germinated seeds % 100
Total number of seeds sown

Germination (%) =

Effect of shades on seed germination

The effect of shades on seed germination were
tested with three treatments, i.e. full shade,
partial shade and no shades by partitioning the
nursery in three compartments, The shade was
made of mesh cloth, The experimental design
was a completely randomized design (CRD)
with three replicates of fifty seeds each, The
emergence of seedlings was counted to 35
days afler sowing and germinations
percentage was calculated using the above
formula, The plumule and radical were
measured afler 5 days of germination
whereas, the plant height and leafl area were
measured after 35 days of germination,

(C)

Figure 1, Fruits, mature seeds, and germinated seedlings ol agar (A) (B) and (C).
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Statistical analysis

The germination and growth parameters of
agar seedlings were analyzed using Microsofl
Excel Spreadsheet and SPSS wersion-22
software,

Results
Effect of

germination

storage periods on  seed

Germnination percentage of seeds was found
directly proportional to seed’s storage period.
The germination started on 13® day and
continued up to 35" day after sowing. The
results showed that the highest germination
percentage (92%) was recorded with fresh
seeds sown immediately after harvest which
reduced drastically by 5 days (39.6%) and
10 days (4%) stored seeds (Table 1 & Fig. 2).
The 15 days old seeds showed no germination
at all. The seeds stored for 15 days became
hard, shrunken and turned black in color. The
highest average fresh weight of seeds was
recorded as 39.10g /30 seeds which reduced to
35.4g after 5 days. 32.8g after 10 days and
30.0g after 15 days (Table 1), Seeds lost
turgidity very fast and their ornginal
appearance after 15 days. The survival
percentage of seedlings was calculated afler
35 days and recorded highest (80%) for fresh
seeds followed by 5 days (33.2%) and 10 days
(2.8%) for stored seeds respectively. The

100 923

ap B Germingtion (%)
E 1]
= 10+
= pii 4
£
L 50 9.8
B
Eo
0 4 4 il
0 reden

0 day 3 days 14 doys
Stwrage pertods (115 days)

15 days

Figure 2. Grermination % of agar seeds at different
storage pertods.

moisture content of seeds was  {ound
significantly correlated (p < 0.05) with the
germination of seeds.

Effect of shades on seed germination

Agar is a large evergreen tree, up to 30m tall
rows natrally underneath canopy of
dominant trees in the forest. The experiments
were conducted to assess the shade tolerance
capacity of agar seeds in relation fo
germination percentage by creating three
artificial shadings, ie. full shade, partial
shade, and no shading as control (Fig. 3). The
seeds sown without shade showed the least
germination percentage (62.6%) and poor
perfortnance m growth parameters in
comparison Lo seeds sown under partial shade
(75%) and full shade with maximum
germination percentage (94%) (Table 2). The
growth and development were also dynamic
under [ull shade with longest plumule, and
radical length measured as 12.10cm and 27.7cm

Table 1. Effect of storage periods on seed permination and survival of agar.

Storage Period Cienninatirun Characteristics S—

(in Days) e!_wcrﬂg{- Sced Gcnnm_m!un Survival (%) o
S Weight (mg./sceds) B ) ) (after 25 days of germination}
() days 39 1+£2.31° 92 .03 827 BOL0ED TR
5 days 35.4+3.11° 39.6=2.76 33.24K. 18"

10 days 32 8+3.33° 4,0+0,11° 2 B+6.00°

15 days 30.042.41° 0.0 0.0

Sig. dift (RTIT 0. 00* * (.00**

Note: Values with different superseripts across each column are significant different at P<0,03
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Figure 3: Agar sced germination and seedlings growth under full shade, partial shade and no

shade (a, b & c¢).

Table 2. Effect of shades on seed germination and establishment of agar.

5 DAG* IS5 DAG
Shade level | Germination (%) Plumule Radical Plant height | Leaf arca
length (em) | length (cm) {em) {cm)
Full shade 04.0£28* 12.1+1.2" 27.9+3.6% IR 0x4 5" 7.3+4.2%
Partial shade 75.04+7.6°0 11.3+1.4° 26.2+1.2° RIES T.2+1.58
No shade 62.647.2° 10.241,2% | 23.944.0° | 33.1422% | 6.641.4°

*DAG=Days after Germination, Significant at P<0.03

respectively  followed by partial shade
(11.3cm & 26.2cm) and control (10.2em &
23.93¢m). The height and leaf area of plants in
full shade were measured as 38.9cra and
7.3cm?, followed by partia | shade (36.2cm &
7.2cm* as compared to no shade (33.1lcm &
6.6cm*). In one way ANOVA of seed
germination values, seed moisture contents in
refation to storage periods characteristics and
effect of shade on seed permination and
establishment of agar were recorded as
significant at P<0.03.

Discussion

The germination trial on seeds using different
shelf life and shades under nursery condition
have shown high germination perceniage
{more than 30%) in case of [resh seeds sown
immediately after harvesting which supported
earlier findings (IUCN 2012). The percentage

of seed germination also declined drastically
with an increase in storage period from 31%
for seeds without storage to 25% for 5 days of
storage and only 1% for 14 days shelf life
(Gupta 2004). The recalcitrant seeds of agar
regenerate freely under natural conditions in
the forest probably due to availability of
necessary moisture and light under the shaded
canopy. The fleshy covering of agar fruits also
provides moisture to the seeds for their
survival, Saikia and Khan (2012) noticed
germination of agar seeds up to 45 days with a
decreased germination percentage by increase
in storage period and 100% wiability on
Tetrazolium test of fresh seeds. The natural
regeneration rate was found maoderately
higher (Sochartono and Newton 2001a)
despite intensive extraction of agar wood for
economic benefits, limited seed productions
and dispersion in the forests (He ef al. 2005).
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The annual seed production period is also
relatively shorter ie. from mid-June to
mid-August which might be a contributing
factor for relatively low density of naturally
regenerated  plants  putting tremendous
pressures on this forest species. The moisture
contents of seeds decreased considerably with
the increase of storage period. The percentage
of seed germination was inversely
proportional to their storage period, as storage
reduces moisture contents and in turn viability
of seeds. Therefore, the probability of seed
germination depends on seeds moisture
content, physiological processes and in turn
embryonic  activities. The germination
percentage was significantly correlated with
seed weight and molsture contents supporting
earlier findings (Nath e7 al. 1999; Kumar e al.
2007). Generally, seeds are associated with
behavioral differences in morphological,
physiological, structure  and
biochemical composition during storage
periods (Mcohammed er al. 2008). These
factors might have caused storage of seeds
difficult for commercial exploitation,
cultivation and conservation of this species
hence needs some  biotechnological
intervention for sustainable management.
Shade house and lab experiments help in
determiming the relative importance of factors
influencing seed germination processes
(Waremg and Phillips 1978). The seeds sown
under full shade have shown approximately
absolute germination rate (94%) as compared
to partial shade (75%) and control (62%) with
healthier and taller plants in this study. This
may be attributed to low soil moisture
evaporation rale due to shades that minimize
it and other supportive abiotic factors, which
in turn aided in profuse seed germination. The

anatomical

seeds sown under no shade showed the least
germination percentage and poor performance
in growth parameters such as seedling height,
leaf area, plumule and radical length, Shading
might be one of the factors that change the
ight requirements of pholoblastic seeds.
These have established the fact that agar is
rather a shade demander tree than shade
tolerant. However, a general trend has been
considered for shade tolerates having large
seeds and light demanders having small seeds
{Souza and Valio 2001) usually not fitting for
Agar bearing medium sized seeds but a shade
tolerant species. In our trials, seed germination
and emergence were observed 35 days
post-sowing. reported
sermination of agar seeds from 37 to 45 days
{Gupta 2004; Tran er al. 2003) from sowing
day. Some seedlings died even after emergence
which may be due to physiological disorder,
fungal infection and insect attack which
usually prevail during sowing season. Proper
mycorthizal symbiosis may also be an
appropriate solution.

Eawrlier workers

Conclusion

The artificial regeneration and plantation have
been encouraged to promote conservation of
agar at large. The present findings may be
useful for raising large scale planting stock
from fresh seeds.
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Abstract

Plamtation Trial Unit Divizion of Sangladesk Forest
Research Institute (BFRY) carried out o researck in the
wegtern coustal area of Bangladesh duping 2018-2020
in order to atsess the growth of Sonnerata apetala
(Keora) in relation to stand age. For this purpose. i the
Char Kukri-Mukri areq, 32 PSPs were estublished for
elghi age classes (11, 15,20, 30, 35 40, 42, and 43
vears), and fw the. Rangabali area, 28 PSFPs were
established for seven age classes (30, 33, 42, 44, 43, 48,
and 30 years), followed by a strarified random sampling
method. A significant dference was found (p < G.05)
Jor the height and digmreier ar brease height (DB
growih of 5. eperala stand among (he different ages of
plamiarion in bork aregs. At the Char Kubkri-Mukri area,
Jor o pears old plantation found the fighesi heighi
(0,33 7m) and DBH (0.570cm} growth vate after [ vear
and continwed afier 2 veary (0L.662m; 1.085cm). On the
other hand, for o stand age of 30 pears, the highes
Aeight (0L.216m) and DEH (0 2460m) growth rare were
Jound in the Rangoball area after | year and continued
after 2 vears [L.353m; (1 390cm). A positive and strong
relanionship was found between hetght and DRH growth
rate after 1 and 2 vears (r=0.830 and r=0.8%1) in the
Char Kuwkrt-Aukri area respectively. On the other hand,
a positive and very stromg relationship was found
benween height and DBN growth rare afier | and 2
years (r=0531 and r=0913) in the Rangaball aren

successtvely. This result will qid fn the selection of
appropriaie forest managemeni graciices for managing
S apetala plantations or g sustainable basis in the
western coasial belt of Sangladesh.

L
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Intreduction

The coast has been defined as the area where
terrestrial and marine habitats interact and
vice versa (Carter 1991). The coastal
ecosystem is one of the most dynamic
ecosystems on the planet (Serajuddoula ef al.
1995). Bangladesh's coastline extends over
710 km along the Bay of Bengal (Das and
Siddigi 1985; Siddigi 2001), and the coastal
zone encompasses 47.201 square kilometers
between latitudes 21° and 23° north and
longiludes 89" and 93° east (Islam and
Rahman 2015). Because mangrove roots and
pneumatophores efficiently impede water
velocity and operate as efficient sediment
trappers. {ast accretion oeccurs along the
shoreline (Woodroffe 1992). Plantation is a
frequent approach for recovering mangrove
forests (Chen et al. 2009), and Bangladesh iz
one of the leading countries in the world for
coastal afforestation with several mangrove
species (Islam ef al. 2016). In the coastal
regions, approximately 1,890,000 hectares
(ha.) of accreted land were afforested with
mangrove species until 2010 (Islam et al
2013) and 1,92,000 ha. till 2013 (Hasan
2013). The most successful planted species is
Somneratia apetala (Keora), while dvicennia
officinalis  (Baen) 13 the second most
successful species in coastal mangrove
plantations (Siddiqi 2001). Because §. apetalu
has the best survival and growth performance
in newly accreted areas throughout the coastal
belt, it is the most common species planted in
coastal afforestation programs (Islam er al.
2016). Currently, S, aperala alone accounts
for 94.4% of all established mangrove

af Banglzadesh Journsl of Faregt Science

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

Sonneratia  apetala 15 an  ecologically
significant {ree species in Indo-Malayan
mangroves (Tomlinson 1986) and s
commonly used for mangrove restoration
gperalions in a variety of locales (Lu et al.
2014). It is a light-demanding (Rashid and
Rahman 2012; Lu er al. 2014; Hossain 2015),
[ast growing pioneer (Das and Siddigi 1985;
Chen et al. 2003; Lu et al. 2014, Hossain
2015), woody evergreen tree species (Ren et
al. 2009; Hossain 2015). It can grow up to 20
m (Siddigi 2001; Kairo ef al, 2009; Ren ef al.
2009; Hossain 2015) and DBH varies between
30-70cm (Hossain 2015). It improves soil
fertility significantly and exhibits a number of
desirable gualities as a pioneer restoration
species (Chen ef al. 2003; Ren et al. 2009). Tt
accounts for around 4.5% of the Sundarbans’
merchantable growing stock (Chaffey et al.
1985) and 95% of Bangladesh’s coastal
afforestation (Siddigi and Shahjalal 1997).
This tree was the most successful all along the
coastal line and accounted for 94.4% of the
total plantation in coastal areas of Bangladesh
(Siddigi and Khan 2004). Tree growth is
frequently quantified using stem DBH and
tree height (Sumida et «l. 2013), and it
continues for vears as both diameter and
height increase (Henry and Aarssen 1999).
The diametric and hypsometric tree growth
trends varied by tree species or forest stands
{(Sumida ef al 1997). Without a doubt, tree
growth 18  influenced by their age
(Lukaszkiewicz 2010), and the growth of all
forests follows a predictable pattern with age
(Binkley ei al. 2002). While radial growth
continues throughout the tree's life, the tree's
height may only reach a maximum, which is
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unique to each tree species (Woolhouse 1972;
Koch et al. 2004; Niklas 2007). Forest
development is significant both economically
and ecologically (Binkley er al. 2002), and
knowing {ree growth can help with CO:
reductions in the atmosphere, air quality
advantages, storm water runoff, and tree
maintenance costs (Lukaszkiewicz 2010). To
improve biodiversity and ecosyslem services,
as well as to ensure long-term sustainable
forest resources, forest growth studies have
been needed on site quality, tree competitive
status, stand density management, and
silvicultural management (Brisefio-Reyes et
af, 2020). Because of the importance of 5.
apetala plantations in Bangladesh, a better
understanding of their growth in relation to
their stand age is needed al the regional,
national, and worldwide levels. The objective
of this study is to find out the vanation or
changes in the growth (height and DBH) of 5.
apetala in relation to stand age or increasing
stand age. With the knowledge of the growth
rate of this species, policymakers and
decision-makers will be able to make
decisions about S. apetala species for future
coastal plantation, restoration, and management
programs,

Materials and Methods
Study area

The research was conducted at Char
Kukri-Mukri research station tn Bhola district
and Rangabali research station m Patuakhali
district. The Char Kukri-Mukri area is located
between the latitudes of 21°54" and 22°52'
north, and the longitudes of 90°34' and 91°01'
east (Dey er al. 2021a). On the other hand, the
Rangabali area is located between the latitude
of 21°59" and 21°59' north. and the longitudes
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of 90°28' and 90°28' east (Moula and Miah
2020). The site conditions in these two areas
are almost similar (Tslam er al. 2015). Annual
rainfall ranges from 2500 to 3000mm, with
mean minimum and maximum temperatures
ranging from 18 to 32°C (Siddigi 2002). The
delta of the extended Himalayan drainage
ecosystem, which makes up the lowest
landmass, includes this region, The combined
actions of the rivers Brahmaputra, Meghna,
and Ganges have created low-lving terrain,
estuaries, and inlands slong the seacoast.
Water salinity varies between 3-27 ppt during
the monsoon season and 10-33 ppt during the
dry season (Siddigi and Khan 1990). The soil
type in the research region 18 sili-clay-loam,
with salinity varying from 0.3-4.2 ds/m in
December to 9 ds/m in April-May (llasan
1987). The soil pH ranges from 7.5 to 8.0, and
it is slightly alkaling (Siddigi and Khan 2000},

Sampling design

At each station, different available stand ages
were considered for establishing permanent
sample plots (PSP). The PSP size was 10m x
10m. Tharty-two PSPs (four PSPs for each age
class) were established in the Char
Kukni-Mukri area under eight age classes (11,
15, 20, 30, 35, 40, 42, and 45 vears), covering
a total area of 3200 square meters., On the
other hand, in the Rangabali area, 28 PSPs
(four PSPs for each age class) were
established under seven age classes (30, 335,
42,44, 45, 48, and 50 years), covering a 2800
sq. m. area. The PSPs were selected following
the stratified random sampling method. All
PSPs were demarcaled by bamboo or wooden
sticks, and all trees in the study plots were
numbered sequentially.
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Data collection

Data from the permanent sample plots were
collected during December for three
subsequent years: 2018, 2019, and 2020.
Diameter tape was used (o measure the DBH
al [.3m. above the tree [rom the ground. On
the other hand, Haga altimeter was used to
measure free height.

Statistical analysis

The variations in height and DBH increment
over time in relation to stand age were
analyzed using a one-way ANOVA (analysis
of variance). When a significant difference
was identified. pairwise comparisons were
performed using post hoc testing (Tukey’s
HSD). To the findings of all statistical
analysis, a significance value of p < 0.05 was
used. The normality and homogeneity of
variance assumplions were met prior to the
ANOVA test. The data was computed and
analyzed using a Microsoft Excel spreadsheet,
SPSS (Version 23.0) and the Statistix 10
statistical program.

Results

In Char Kukri-Mukri area, the highest mean
height was found at the age of 42, [ollowed by
35, 40, 30, 45, 20, 15 and 11 vears of
S. apetala plantation (Fig. 1). On the other
hand, in the same area, the highest mean DBH
was found at the age of 42, followed by 45,
335, 40, 30, 15, 20 and 11 years (Fig. 2). A
significant difference was found for the mean
height growth rate after 1 year (2019) and 2
years (2020). The highest mean height growth
rate was found for the age of 11 years (0.357m),
followed by 15 (0.235m), 20 (0.197m), 30
(0.160m), 40 (0.118m), 33 (0.100m), 45
(0.095m} and 42 (0.075m) years afier one year
of measurement in 2019 (Table 1). On the other
hand, in the same plantation, the highest mean
height growth rate was found at the age of 11
years (0.662m), followed by 15 (0.525m), 20
(0.412m). 30 (0.375m). 40 (0.186m), 35
(0.180m}), 42 (0.150m) and 45 (0.147m) years

after 2 vears of measurement in 2020 {Table 1).
In the same area, a significant difference was

25 - m2018 w2019 m 2020
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Figure 1. Height of Keora at Char Kukri-Muksi area in three subsequent years |
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Figure 2. DBH of Keora at Char Kukri-Mukri area in three subsequent years,

found for the mean DBH growth rate after 1
year (2019) and 2 years (2020), The highest
mean DBH growth rate was found at the age
of 11 years (0.570cm), followed by 15
(0.482¢m), 30 (0.415¢m), 35 (0.407cm), 20
(0.340cm), 40 (0.282¢m), 42 (0.280cm) and
45 (0.207cm) years plantation after 1 year
measurement in 2019 (Table 1). On the other
hand, in the same plantation, the highest mean
DBH growth rate was found at the age of 11
years (1.085¢cm), followed by 15 (0.857cm),
35 (0.797em), 30 (0.782¢my, 20 (0.700cm).
42 (0.492em), 40 (0.487cm) and 45 (0.360

cm) years after 2 vears of measurement in
2020 (Table 1).

In the Rangabali area, the highest mean height
was found at the age of 45, followed by the
ages of 35, 50, 48, 44, 42, and 30 years of
S. apetala plantation (Fig. 3). On the other
hand, in the same area, the highest mean DBH
was found at the age of 45, followed by 35,
30. 48, 42, 50, and 44 years (Fig. 4). A
significant difference was found for the mean
height growih rate afier 1 year (2019) and 2

Table 1. Height and DBH growth of §, aperala at Char Kukri-Mukri area,

Age of the Height growth (m) DBH growth (¢m)
plantation After | year After 2 After | year After 2
(years) (2019) vears (2020) (2019) years (2020) |

11 0.357 + 0,042 0.662+009* |0.570=0,02°2 1085 + 0,022
15 0255 +0.03% |0525£003% |048220.01% |0.85740.017%
20 0.197+002% 04120057 |0340=0.02%% |0.700=0.03 %
30 0160+ 0,01 ®¢ | 0375002 0415001 |0.782%0.06"
35 0.100+0.01 % | 0.180+0.03%¢ | 0407003 |0.797£0.07"
40 00118002 | 0186003 0282003 | 0487 £0.03 %
42 00750012 |0.150+002¢ [0280=0.01% |0492<001%
45 0.095 =001 014720019 |0207=005¢ |o0360+0090¢

Mote: Treatment values followed by different letters (like a, b,

5% significance level.
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Figure 3. Height of Keora at Rangabali area in three subsequent years.
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Figure 4. DBH of Keora at Rangabali area in three subsequent years.

years (2020). The highest mean height growth
rate was found at the age of 30 years
(0.216m), followed by 35 (0.150m). 44
(0.136m), 42 (0.090m), 45 (0.086m), 50
(0.063m), and 48 (0.036m) years after 1 year
in 2019 (Table 2). On the other hand. in the
same plantation, the highest height growth
rate was found at the age of 30 years (0.353
m), followed by 35 (0.243m), 44 (0.223m), 45
(0.173m), 42 (0.150m), 48 (0.103m), and 50
(0.093m) years after 2 vears in 2020 (Table 2).
In the same area, a significant difference was
found for the mean DBH growth rate after 1

%0 Bangladesh Journal of Forast Scignce

year (2019) and 2 years (2020). The highest
mean DBH growth rate was found at the age
of 30 years (0.246cm), followed by 44
{0.206em), 35 (0.203cm), 42 (0.126cm), 45
{0.060 cm), 48 (0,036 cm) and 50 (0.023cm)
years afler 1 year in 2019 (Table 2). On the
other hand. in the same plantation, the highest
DBH growth rate was found at the age of 30
years (0.390cm), followed by 44 (0.300cm),
35 (0.283cm), 42 (0.240cm), 45 (0.123cm),
48 (0.083cm) and 30 (0.036cm) years afier 2
years in 2020 (Table 2). Besides in the objectives,
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Table 2. Height and DBH growth of §. apetala at Rangabali research station.

Age of the Height growth (m) DBH growth (cm)
plantation Aflter 1 year After 2 years After 1 year After 2 years
{years) (2019) (2020) (2019) (2020)
11 0.357+0.04* | 0.662+009* |0.570+0.02° 1.085+0.02"
15 | 02554003 [0525+003* [0482+001% |0.857+001% |
20 nwunuzbf 0.412+0.05° | 0340+ 0.025¢ |0.700+ 0.03 ™
30 | 0.160+0.01 %4 [ 037540025 |04152001% [0.782+006°
35 0.100+0.01°% |0.180+0.03%% | 0407+0.03" |0.797+0.07°
40 01184002 [0.186+003°9 [0282+003% |0487+003% |
42 00750019 | 0.150+0.029 02804001 | 0492+0.01%
45 | 0.095+001" | 0.147+0.01% |0.207+0.05" 0.360+ 0.09"

Note: Treamment values followed by different letters significantly ditfer at the 5% significance level.

there was found a positive and strong
relationship between height and DBH
growth (for both | and 2 years) in both the
Char Kukri-Mukri and Rangabali areas
(Fig. 5 & Fig. 6). In the Char Kukri-Mukri
area, a positive, strong relationship was
found between height and DBH growth rate

r=0.E50
0.4

fs ._

n.4 LA W

0.3 o

0.2 o

01
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0 .1 0.2 03 0.4
Height (m}

(A)

alter 1 year (r = 0.850) and 2 years (r =
0.859) (Fig. SA & Fig.5B). On the other
hand, in the Rangabali area, a positive and
very strong relationship was found between
height and DBH growth aller 1 year (r =
0.931) and 2 years (r = 0.913) (Fig. 6A &
Fig.6B).
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Figure 5. Relationship between height and DBH growth rate at Char Kukri-Mukii area after | year

(A) and 2 years (B).
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Discussion

In this research, a significant difference was
found in the height growth rate among the
different stand ages for 1 year (2019) and 2
years (2020) in both the Char Kukri-Mukri
and Rangabali areas. However, the growth
rate did not always follow the decreasing
trend of the growth rate with increasing stand
age in both Char Kukri-Mukri and Rangabali
areas. In the Char Kukri-Mukri area. the
annual height increment was found to
decrease with increasing stand age. up to the
age of 11 o 30 vears, Then it broke the trend,
and the annual height increment of 40 years of
age was more (0.118m) than the 335 years
growth (0.100m). and the growth of 45 vears
was more (0.095m) than the 42 years growth
(0,075m), When the data were collected, after
2 years in the same plantation, the previous
one followed without a height growth rate of
42, which was more (0.150m) than the 45
years growth rate (0.147m). On the other
hand, in the Rangabali area, the annual (2019)
height growth rate of 44 years was more
(0.136m) than the 42 vears growth rate
(0.090m), and the 50 years growth rate was
more (0.063m) than the 48 years growth rate
(0.036m), Incase of height growth, the growth
rate of DBH was not following the decreasing
trend with inereasing stand age in both the
Char Kukri-Mukr and Rangabali areas. In the
Char Kukri-Mukn area, the anmual (2019)
DBH growth rate of 30 vears and 35 years was
higher (0.415 and 0.407cm) than the 20 years
growth rate (0.340cm). On the other hand, in
the Rangabali area, the DBH growth rate of 44
years was higher (0.300cm) than the 35 years
and 42 vears growth rate (0.283 and 0.240cm)
after 2 years of data collection (2020), Siddigi
(2001) found the maximum mean annual
diameter increment (MAI) of 5. apetala up to
11 years was 1.23cm and the height increment
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was 1.16m m the coastal area of Bangladesh.
In addition, Siddigi (1988) found that the
annual DBH and height increment (MAI)
were |.33em and 0.936em, respectively, up to
10 years of S. apetala plantation in the Char
Kukri-Mukri area of Bhola district. Moreover,
8. caseolaris, a species near to 5. apetala,
showed the highest growth among all planted
species, with an annual diameter increment
(MAI) of 1.92cm and a height increment of
0.97m, which occurred in low saline areas (up
to 16 ppt) (Siddiqi and Khan 1990). The
height and DBH of different years stands
showed variation, which means that in some
cases, the lower year stand has more height
and DBH than the older one. As well,
variation happened between the locations
at the same age. Like in the Char Kukri Mukri
area, the height of 45 years was less than
the heights of 30, 35, 40, and 42 years, On the
other hand, in the Rangabali area, the DBH of
a 45 years old plantation was higher than the
48 and 50 years old plantations. It was found
that at 45 years old plantation (Kukn Mukn
area), some big trees are dead. and it could be
a possible case of reason to take the mean data
(both height and DBIH) of all the trees in the
plots. Poor-quality seeds and planting stocks
can be the reason for this low productivity, or
grazing can happen after plantation that
severely affects plantation establishment and
affects the growth of the species (Shafi 1982;
Kathirensan and Ravikumar 1993; Nandy et
al, 2004}, For the same age plantation, the
height and DBH are greater in the Rangabali
area than in the Char Kukri-Mukri area.
Sonneratia apetala performs better on barren.
muddy beaches, with higher survival and
growth rates (Ren ef a/. 2009). which could be
one reason for this. It grows best in thick and
soft muddy soils from the middle to the low
tidal zone with low salimty (0-15) (Huang
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and Zhang 2002; Chen et al. 2003; Liao er al.
2004), that can bhe the reason for variation,
Siddiqi (2001) stated that growth was higher
in places with lower salinity and declined in
places with higher salinity. The depth,
duration, and frequency of floeding are all
important factors in the survival of mangrove
seedlings and mature trees (Mitsch er al.
2002: Lewis 2005). All of the
above-menfioned factors can be a possible
factor in the different growth rates of ditferent
age groups, along with the age factor in both
the same and other locations. The
height-diameter relationship varies greatly
between forest types and regions (Feldpausch
et al. 2011). Devy et al. (2021b) found a strong
positive relationship (1= 0.789) between DBEH
and height for Acacia auriculiformis at the
Char Kulori-Mukri area in the Bhola district of
Bangladesh, which was one of the study areas
in this research. In the savanna zone of
Nigeria, Arzai and Aliyu (2010} found a very
strong linear relationship between DBH and
height in  Khaya senegalensis, Parkia
biglobosa and Eucalyptus species.

Conclusion

A significant difference was found for the
growth (height and DBH) of 8. aperala among
the different ages of plantations in the western
coastal bell of Bangladesh, However, there 12
not always a decline in growth rate (height
and DBH) as age increases. The findings will
be helpful for managing §. apetala plantations
on & sustainable basis and determining
appropriate forest management methods to
mitigate the negative elfects of climate
change. This was only examined the growth
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Abstract

Toon wood (Cedrela toona) iz Tess known in Bangladesh
as g commercial timber species, bui it oalse has the
prospects of  being  wsed Jor  folmeryw,  musical
instrumenis, and some Specific furnitiers manufactioring
purposes depending on s plhysical and mechanical
properiies. This siudy was fnrended fo ideniify the
compatibiline: of Toon [Cedrela toonal wood for
Jurnivwre manfaciuring in terms of exhibiting soine
machining and handtool properties vz, plonning,
shaping. boring, mortising. and nhoming tests. The
apprafsal i both machining and handtool properiy
tests were based on the frequency of the defeci-fiee
samples. The finishing properiy was also ascertained by
uring two nvpes of polishing materials, viz., carpa and
shellac. The defecis of the samples were conjactured by
wviswrl and toctile observation. The percentage of
defect-free somples was assessed for ench property
operaiion and clessified bosed on five guality grades.
The resulis of this study mainly emphasized good
working properties, and toon wood may be suitable for
Surniture mansfacturing,
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Introduction

Cedrela toona Roxb., a medium- to large-sized
deciduous tree with a brown to gray scaly bark.
18 to 21m tall and with a diameter of (.57 to
0.95m. The crown is broad and rounded. The
leaves are compound 30 to 55cm long. It has a

Citution: Sacker, LE.; Mridha, MW A Rahmin, MA aod Sacker, MoA 2022 Sudtability of Manufieturing Fumniture Bom Toan {Cedrain
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single stem or trunk and branches that support
leaves. Beneath the ground, a tree has a root
system that acts as an anchor and store the
waler and puirients the plant needs to grow
(Khan 2022). Seeds have wings on both ends
and are elliptic-shaped, measuring 10-20mm
long and 6-8mm in diameter (Shah and Patel
2021). Since the beginning of time, wood has
served as a raw material for man, providing
benefits that have helped him survive and
build civilizations. It is also true that wood 13
the most typical foundational material for
various things, despile being disregarded
today due to the advent of synthetic
substances. By using cutting-edge research
techniques to examine this natural source of
material's  growth, structure, chemical
composition, and exploitation, it’s worth is
preserved and increased. There are numerous
cutting-edge uses for wood. The wood is
processed into a veneer from the creation of
buildings, and other
everyday items, which is then glued to
plywood, constructions (such as beams,
arches, and helicopter propellers), elc.,
typically  using  waterproof  adhesives
(Mamichev ef al. 2019).

furniture, pillars,

The analysis of the wood and all of its
features, from physical, chemical, and
mechanical to ergonomic, wear, surface
coatings, and other factors, is the essence of
how wood influences the technological
processes involved in the furniture-making
process, Each type of wood has specific
characteristics and flaws, and by considering
this in mind, it may be influenced technological
advancements to boost yield and cut expenses
while accomplishing more work in a shorter
amount of time. Today's finest furniture is
often manufactured from wood. Every home

g8 Pangladesh Jouenal of Forest Scisnce

is required lo uulize wood because of ils
innate advantages, attractive appearance, and
inherenl characteristice (Namichev et al.
2019). Traditional wood, in its original aspect,
will increase in value and esteer in the future.
The production of elegant mstruments and
furniture, as well as the making of sculpture
and carvings, will be bestowed even more
respect on the cultural hierarchy (Namichev ez
al. 2019). Wood tends to be used less for
products that retain their original structure,
but there is a noticeable ncrease in products
that involve mechanical or chemical
modification of the wood. These wood-based
items are anticipated to represent the majority
of wood utilization in the future (Namichev er
al. 2019). Toon wood 15 a fragile, unstable,
and lightweight form of timber. Lightweight
furmiture, doors, panels, windows, tea boxes,
boat equipment. toys, carving goods. musical
instruments, etc. can all be manufactured out
of it (Sarker et al, 2021). The demand for
wood products 18 gradually mereasing due to
the rapid growth of the population in
Bangladesh. The distinction that exisls
between a resource and a necessity is very
significant, As a result, our forest resources
are becoming less accessible with each
passing day (Biswas et al. 2017). Evaluating
the effects of wood machining characteristics
(for planing, shaping, boring, mortising, and
turning) on  surface quality requires
determining and enhancing wood machining
properties as well as defining convenient
usage areas for several unconventional wood
species found in Bangladesh (Sofuoglu and
Kurtoglu 2014). Therefore, the working and
finishing characteristics of this wood are
essential to explore as an alternative source to
conventional timber species and enhance its
economic value.
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Materials and Methods

To conduct this study, toon wood were
procured in the log form from the Lama
upazila of Bandarban district for the test. The
logs were converied Lo planks and sawing
quality was determined. Samples, 25.4mm *
127mm * 1219.2mm in size were made out of
wood species. Before conducting the fests,
these samples were seasoned to 12-15%
moisture content and were again converted
into smaller pieces suitable for different tests.
The samples were immediately examined
visually to sort out the defect-free ones. After
completing tests, samples were classified
based on five quality grades (Table 1). The
percentage of defect free samples based on
total samples was determined. The percentage
was considered as the measure of its property
quality. The tests were carried out by ASTM
Standards: D-1666-64 (Anon 2004). Similar
propetty  tests were conducted using
carpenter’s handtool. and it was accomplished
al Bangladesh Forest Research Institute,
Chattogram (during July 2020 to June 2022).

Planing and finishing test

The test samples for planing and finishing
property was 25.4mm = 101.6mm = 214.4mm
in size. The test was carried out in a Whitney
No. 105 single surface planer with four

straight lnives. The cutter head speed was
3000 rpm. The depth of cut was 1.59 mm for
all runs. The feed rate was adjusted to 636 mm
per minute so that the target number of knife
marks was 40 per 25.4mm. The run was made
with a sharpness angle of 30 degrees and
cutting angle of 25 degrees. The exact number
of samples was tested with the carpenter's
hand planner, and a similar testing procedure
was applied. The planning test samples were
used for the test of finishing after completing
all planning property tests. In the finishing
fest, two polish types. namely shellac and
carpa were applied, and performance was
recorded based on the surface fnish and
physical appearancss.

Boring test

The size of the test for boring property was
25.4mm * 76.2mm * 304.8mm. The test was
conducted in a 508mm single spindle hand
feed drill press of Walker Turner Model No.
1113-41. A one-inch single twist solid center
bred point tvpe wood boring bit was used for
the test. The drill machine was adjusted to
maintain a spindle speed of 2850 rpm. In
terms of handtool property test, boring was
done by a carpenter's hand drill. A ons-inch
single twist dolid center screwed poml type

Table 1. Performance-wise quality prades of all property tests.

Defects Performance Quality Grade
No defect Excellent 1
Few slight defects Good 2
Lots of shight defects Fair 3
- Serious defects Poor 4
Very serious defecis Very poor 5
Bangladesh joutnal of Forest Sclence | Vol, 38, ldeue 1&2, Jan-Dec 2022, 97-104 59



wood boring auger bit was used for the test, A
golid hardboard was used as backing
undermeath to avoid the tearing and
splintering of samples at the bottom during
boring both for machining and handtool test.

Shaping rest

The test samples used for boring were also
used lor carrying out shaping tests ol
machining and handtool, respectively. The
test was carried out in a hand-fed single
spindle shaper of I.A.Fay and Egan Company,
Model No. 252, with two knives having a
spindle speed of 6500 rpm. Here the cutting
angle was 25 degrees. The cutter used to
obtain a quarter round pattern had a radius of
curvature of 12.7mm. In case of handtool test,
ripping of the sample was done by carpenter’s
handsaw to obtain the quarter round pattern.
The shaping was carried out by carpenter's
chizel of half-round type.

Mortising test

The samples used for boring and shaping tests
were also used [or the mortising test
Machining and handtool property tests were
ascertained from the separate samples. It was
used as hardboard backing when morhises
were cut on each sample. Each mortise was
cut with two sides paralle] to the grain and
perpendicular to the grain. The machining test
was carried out in a foot feed vertical square
hollow meortising chisel of Oliver Machinery
Com., Model No. 21D. The spindle speed of
the drill machine was 3600 rpm. A one fourth
inch square chisel was applied in this property

test

Turning test

The size of the test samples used for turning
property was 25.4mm * 25 4mm * 152.4mm.
The test was carried out in & variable speed
wood lathe of Oliver Machinery Com., Model
No. 159A. The speed of the variable lathe was
2400 rpm. A set of high-speed steel cutter
were used to give head and cove for having
different turning features and the ability to cut
at different angles with the grain.

Statistical analysis

The data were analyzed using Microsott Excel
Spreadsheet and SPSS version-22.

Results

In conformitv with the variation of grain
orientation and the load applied to the saw
blade, toon wood required less pressure on the
saw blade, which exhibited easy to saw (Table
2). The fLber and grain structire of wood
determine the tyvpe of woed as well as the
quality of sawing and finishing. According to
specific gravity, this wood responded as light
timber. A comparison of the defect-free
samples as a percentage among three wood
species, both in machining and handtool
testing, has been presented (Fig. 1 & Fig. 2).
The percentage of raised grain, fuzzy grain,
tear-out, and broken corner defects taken from
the total number of samples of toon wood in
both machining and handtool lesis  is
displayed (Fig. 3 & Fig. 4). The grade-wise
performance of different machining and
handiool property tests of toon wood based on
the number of defect-free samples as a
percentage has been displayed in Table 3. All
kinds of finishing quality of toon wood
showed promising results.
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Table 2: Specific gravity, age, sawing and fimishing quality of wood species

SL No. | Property/Parameter Value/Quality Remarks
1 ' Age of the tree 3010 35 (Years) According 1o annual growth rings
2 *Specific gravity (.40 Light timber
(Green condition)
3 | ‘*Specific gravity 0.48
{Oven-dry condition)
- Finishing quality Good Two types of polishing
5 Sawing guality Easy According to load application

*Data source; Sattar et al, 1999
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Figure 1. Comparison of the number of
defect-free samples as a percentape among
three wood species in machining test.[*Data
source:(Sarker er al, 2021)]
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Figure 2. Comparison of the number of
defect-free samples as a percentage among
three wood species in handtool test.[*Data
Source: (Sarker et al. 2021)]
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Figure 3. Percentage of raised grain, fuzzy
grain, tear-out, and broken comer defects
taken from the total pumber of samples of
toon wood in machining test.
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Figure 4. Percentage of raised grain, [uzzy
grain, tear-out, and broken corner defects
taken from the total number of samples of
toon wood in handtool test,
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Table 3. Grads-wise performance of different machining and handtool property tests of toon wood
based on the number of defect-free samples as a percentage.

Property -
it Number of tested samples FXTuonage Of pEOpEItY Soaka
Name Type leading to Grade 1 quality

Planing Machining 20 75
Handtool 20 0
Shaping Machining 20 75
Handtool 20 80
Boring Machining 20 80
Handtool 20 75
Mortising | Machining 20 80
Handtool 20 80
Tuming Machining 20 80

Discussion {(Acacia mangium * Acacia auriculiformis)

Since Lambu (Khaya anthotica) wood was
light, sawing was made less difficull since less
force was needed on the edge of the blade. In
addition, as Jhau (Casuaring equisetifolia)
wood was heavy and hard, sawing il was tough
(Sarker ef al, 2015). During property evaluation
of Mahogany (Swietenia macrophylla) wood, it
displayed 100% qualified grade in all
machining and handtool tests except for
machining property of planming operation
which rated 95% qualified grade (Sarker et al.
2019). But during the evaluation of all the
properiies of toon wooad, both for machining
and handtool tests, 70 to 80% of the tested
samples exhibited grade 1 quality, Based on
comparisons of the defect free samples for
different property operations, Toon wood
illustrated comparatively better quabity m both
machining and handtool test than Tetuya koroi
also
displayed good quality whereas Acacia hybrid

(4lhizia  odoratissima) wood which

102

showed an excellent quality of property results
in most cases (Sarker et al. 2021). The most
common defects of planning tests both for
Tetuya koroi (4ibizia odoratissima) wood and
Acacia hybrid (Adcacia mangium > Acacia
awgriculiformis) were [uzzy grains (Sarker ef al.
2021). On the other hand, in this study. the
observable defects of toon wood both for
machining and handtool tests were due to
fuzzy grains and broken corners, whereas
defects due to raised grains and tear-out were
less significant. Sharpened cutters and robust,
well- maintained machines are mandatory for
the finest machining of the material. With
several blades placed inside the blade head. all
cutters should be used uniformly (Scfuoglu
and Kurtoglu 2014). In general, unusual wood
with gelatinous fibers those shrink and expand
more than regular wood when the moisture
content changes are linked to fuzzy grain, Low
rake angles, sanding. dull blades, and other
similar factors are frequently related to raise
grain, The moisture content of various species

Banglzdesh Joucnal of Forest Sciepce Vol 38, Issoe 187, Jan-Dec 2032, 97-104



has numerous impacts on the previeusly
mentioned wood machining defects. For
instance, raised grain may appear through
machining wood at high or low maoisture
content and then adjusting the moisture
content due to the unequal shrinkage and
swelling of the early wood and latewood.
Fuzzy grains may appear as the moisture
content increases. In  general. machining
defects can be reduced by variations in the
moisture content. Minimizing machming
defects can be achieved by machining wood at
its optirmum moisture content (2-12%) and
then preserving it there while in use (Harold
1980), When considering wood as a structural
element. the moisture percentage 15 a crucial
factor. The future performance of wood within
a structure is impacted by its moisture content
(Malesza 2015). Visual mspection presented
the basis on  assessing  machining
imperfections. However, it proved incapable to
precisely them. An in-depth
investigation of the machining experiments
could not be performed due to equipment
deficits. Further investigation 1s still required
for the best findings (Sarker et al. 2019). The
wooden materials are supposed lo have a
smooth grain and be free of knurls or other
structures that can cause grain deviations
(Sofuogln  and Kurtogln  2014). In this
research, there was found got overall
satisfactory results in both machining and
handtool property tests of toon wood, which
encouraged the people to use this wood species
as ap alternate to be used for domestic furniture
making and other utilization purposes.

evaluate

Conclusion

Wood-based household furniture is an
intimate part of every family as a symbaol of

Bangladesh louinal of Forest Sclarice

necessily and aristocracy, But it may not
always be possible for most of the people in
our country to decorate their houses with
furniture  manufactured {rom so-called
expensive traditional timber species. Hence, it
would be a better substitute for manufacturing
susiainable and remunperative fumiture from
toon wood, thereby reducing pressure on
conventional timber species. Further investigation
might be needed to get information regarding
the load bearing capacity and durability of the
manufactured furniture.
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