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Preface

Forests are essential for human survival and well-being. They harbour two thirds of all terrestrial
animal and plant species. They provide us with food, oxygen, shelter, recreation and spiritual
sustenance, and they are the source for over 5,000 commercially-traded products, ranging from
pharmaceuticals to timber and clothing. The biodiversity of forests—the variety of genes, species
and forest ecosystems—underpins these goods and services, and is the basis for long-term forest
health and stability. Promoting ways to use forest biodiversity in a sustainable way and with clear
social and economic benefits for the poor is the purpose of this special issue of Pertanika Journals.

This Special Issue in Forestry explores the diverse topics from the management to the utilisation
of forest resources. This issue also highlights the services provided by the forest especially in
ecotourism or park and recreation products and activities development. The papers presented in
this issue stress on the advances made through short and long-term research in forest resource
management and benefits and consider some of the core challenges to researchers’ involvement
in various aspects related to the use, sale and management of these resources.

Some of the main findings addressed in this special issue include:

i) How research and development in forestry sectors and forest produce can optimise and vary
the use of resources. This can be achieved through sustainable forest management (SFM) in
ensuring sufficient timber resources and conservation of environmental stability. Through SFM,
the balance between society’s increasing demands for forest products and benefits and the
preservation of forest health and diversity can be attained. This balance is critical to the survival
of forests and to the prosperity of forest-dependent communities.

ii) How ecotourism (i.e. responsible travel) activities in natural areas can conserve the environment
and improve the well-being of local people. It is recommended that those who implement
and participate in ecotourism activities should follow ecotourism principles such as minimising
impact, building environmental and cultural awareness and respect, providing positive
experiences for both visitors and hosts and providing financial benefits and empowerment for
local people.

This Special Issue in Forestry is intended for academicians, researchers, government officials,
NGOs, donors among others as it focuses on the importance of harmonising the conservation of
biodiversity and poverty reduction in a variety of forest contexts. It is our belief that the issue will
help to communicate the value of Sustainable Forest Management as a reliable framework for
safeguarding and delivering a broad range of goods and services in a fair and equitable manner to
the widest possible range of stakeholders.



This issue is a concerted effort made possible with the help of many. Specifically, we thank Dr.
Nayan Kanwal, the Chief Executive Editor of Pertanika Journals, and his dedicated team for
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Automated Hazard Rating Assessment of Roadside Trees Using
MUTIS ver 1.0

Alias, M. S.*, Jonathan, T. Y. C., Amat Ramsa, Y. and Ismail Adnan, A. M.

Department of Forest Production, Faculty of Forestry, Universiti Putra Malaysia, 43400 Serdang, Selangor,
Malaysia

ABSTRACT

Despite providing benefits in the forms of green landscape, human health, storm water
management, carbon storage, etc., roadside trees are also potentially hazardous to their
surroundings. Hence, there is a need to determine hazardous severity of these trees.
Hazard rating assessment in the context of urban trees is the evaluation of the hazard by
trees and how likely they are to fail as well as how severe in terms of damages that they
could cause to their surroundings. In this study, roadside trees hazard rating was assessed
automatically using a customized ArcMap™ and Visual Basic for Applications (VBA),
known as Malaysian Urban Trees Information System (MUTIS), developed by Faculty of
Forestry, Universiti Putra Malaysia (UPM). The study determined the accuracy of MUTIS
in generating hazard rating assessment. The study area covered parts of UPM’s academic
zone. Results depicted that out of 909 trees assessed, 99.8% (907 trees) were categorized
as ‘Medium’ hazard, while no trees had ‘Low’, ‘High’, and ‘Severe’ hazard rating. In
this study, MUTIS assessment achieved 93.75% accuracy. Upon deriving hazard rating
assessment, abatement activities were subsequently prescribed, in which the activities were
mainly tree pruning with specified direction and intensity. This study indicated that MUTIS
ver 1.0 can be an alternative tool to determine hazard rating of roadside tree.

Keywords: Tree hazard rating assessment, GIS, urban trees, MUTIS
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However, they are bound to be hazardous
to their surroundings. Hazardous trees are
trees that have structural defects in their
roots, stem, or branches, which may cause
the trees or parts of the trees to fail, where
such failures may cause property damages
or personal injury (Joseph, 1992).

Hazard rating assessment or tree risk
inspection in the context of urban forest or
roadside trees is the evaluation of the hazard
of trees and how likely they are to fail, as
well as how severe in terms of damages
that they could cause to their surroundings.
The purpose of tree risk inspections is to
identify defective trees in target areas, assess
the severity of the defects, and recommend
corrective actions before tree failure occurs.
Tree risk ratings can assist communities in
quantifying the level of risks posed to public
safety and in prioritizing the implementation
of corrective actions (Albers, 1993).

The word hazard, for both lay-people and
professionals, denote that some thresholds
of risk have been surpassed. Hazard also
conveys the immediacy of structural failure
as determined by a tree professional. The
hazard concept demands a completed
evaluation and assessment of risk, which
reaches a management threshold, where
the situation cannot be allowed to continue.
This requires an evaluation that is based on
spatial information for better visualization
and data management.

Geographic information system (GIS)
software is therefore a logical choice
for storing and manipulating urban tree
resource data. In particular, GIS provides a
logical foundation for any data collection,

analysis and planning initiative related to a
community’s urban and community forest.
GIS programmes such as ArcGIS and
ArcPad are powerful and important tools
to consider, whether looking at the overall
urban forest, or managing individual trees
growing along streets or in parks. Whether
looking at the urban forest from a broad
scale or more closely examining individual
trees, GIS provides a strong backbone to
any useable system (David et al., 2003).
Hence, the best solution is to acquire a
comprehensive urban forest management
system that integrates relational database
with GIS and decision support system.

MUTIS ver 1.0 (Malaysian Urban
Trees Information System) is a programme
jointly designed by the certified arborists
from International Society of Arboriculture
(ISA) and GIS specialists from the Faculty
of Forestry, Universiti Putra Malaysia
(UPM). The programme was established to
assist tree technicians in their daily-routine
management activities of the urban forest. It
is a comprehensive urban tree inventory and
urban tree management system that provides
decision support system in determining
hazard risks and suggesting abatement
for subsequent actions as well generating
conforming reporting (Alias, 2009).

The objectives of this study are:

i. to determine the hazard rating of
roadside trees; and,

ii. to determine the efficiency of MUTIS
in evaluating hazard risks of roadside
trees.

2 Pertanika J. Trop. Agric. Sci. 36 (S) 1 - 10 (2013)



Automated Hazard Rating Assessment of Roadside Trees Using MUTIS ver 1.0

METHODOLOGY
Study Area

The study was conducted at Universiti Putra
Malaysia (UPM), Serdang, which covers
about 105.22 ha that encompasses parts of
the academic area. These area was divided
into four zones; A, B, C and D, as shown in
Fig.1 below.

Methods

This study utilized the QuickBird satellite
image of UPM, which has spatial resolution
of 0.6 m as the base map. Digital vector
layer of UPM’s boundary was acquired from
UPM’s University Agriculture Park office
to demarcate its boundary on the satellite

image. Roadside trees were digitized using
ArcMap™ to produce a tree vector layer and
each tree was given identification number
and tagged on the ground. Tree inventory
and hazard assessment form were prepared
to assist in ground data collection. The
ground data collection consisted of two
parts: i) hazard assessment and (ii) tree
inventory. Hazard assessment parameters
were filled in the form according to the
International Society of Arboriculture (ISA).
ISA form format was based on the handbook
“A Photographic Guide to the Evaluation
of Hazard Trees in Urban Areas” (Matheny
& Clark, 1994). Ground activities include
collecting basic tree information such as
height, tree performance, GPS location,
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Fig.1: Study area at UPM which was divided into 4 zones A,B,C, and D
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etc. Ground data were keyed into MUTIS to
calculate hazard rating. The overall activity
flowchart is shown in Fig.2.

In this study, hazard rating was derived
from three components: (a) Failure Potential
(FP), (b) Size of Parts (SOP) and (c) Target
Rating (TR). Component FP has three sub
modules: (i) site conditions, (ii) tree defects
and (iii) tree health. In the sub-modules,
there were attributes for each parameter.
These attributes were given scoring based
on the status, magnitude or severity of each
parameter. The accumulated scores of each
sub modules were summed up to compute
failure potential. The conclusive formula of
hazard rating is as follows:

Hazard rating (HR) = Failure
potential (FP) + Size of parts (SOP)
+ Target rating (TR)

The explanations for FP, SOP and TR
given by Matheny and Clark (1994) are as
follows:

Failure Potential (FP)

Failure potential identifies the most likely
failure and rates the likelihood that the
structural defect(s) will result in a failure
within the inspection period. Examples of
the ratings are:

1. low: defects are minor (e.g. dieback of
twigs, small wounds with good wound
wood development)

2. medium: defects are present and obvious
(e.g. cavity encompassing 10 — 25% of
the circumference of the trunk, co-
dominant stems without included bark)

3. high: numerous and/or significant defects
present (e.g. cavity encompassing 30 —
50% of the circumference of the trunk,
multiple pruning wounds with decay
along a branch)

4. severe: defects are very severe (e.g.,
heart rot decay fungi along the main
stem, cavity encompassing more than
50% of the circumference of the trunk)

QuickBird UPM

|

l— Data Acquisition " satellite image

l (0.6 m x 0.6 m)

urnM
Boand — Satellite Image Overlay with Vector Layer —_—
Tree Vector Screen Digitizing of Trees in ArcMap
Layer
Preparation of Tree Inventory &Hazard
Assessment Form l
- - Tree Inventory &
Ground Data Collection, Verification & Tree Hazard Hazard Assessment
Evaluation into Excel Form using PDA Handheld Form in Excel

Database Linking between Tree Inventory ”
Form in Excel & Tree Layer

Customize ArcGIS with Appropriate GUI

UPM - Urban Trees
Information System
(UPM-MUTIS)

Legend:
Input
Process Accuracy Assessment
Output 1. Comparison of Hazard Rating Assessment between the
L P developed UPM-MUTIS and Hazard Rating
Assessment on the ground.

Hazard Rating Assessment

—

Fig.2: A flowchart showing the overall activities carried out in this study
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Size of Part (SOP)

Size of defective part rates the size of the
parts that most likely to fail within the
inspection period. The larger the part that
fails, the greater the potential for damages.
Therefore, the size of the failure affects the

hazard potential. Examples of the ratings

are:
1. most likely failure less than 15 cm
in diameter
2. most likely failures, 15 — 45 cm in
diameter
3. most likely failures, 45 — 75 cm in
diameter
4. most likely failures greater than 75
cm in diameter
Target Rating (TR)

Target rating rates the use and occupancy
of the area that would be struck by the
defective part. Examples of the ratings are:

1. occasional use (e.g. jogging or
cycle trail)

TABLE 1
Description of Hazard Rating levels

2. intermittent use (e.g. picnic area,
day-use parking)

3. frequent use (e.g. seasonal camping
area, storage facilities)

4. constant uses, structures (e.g. year
round use for a number of hours
each day, residences)

The points in each category are added
to obtain the overall hazard rating:

HR was categorized into four levels of
summation, based on the cumulative scores
for each component, as follows: (i) low, (ii)
medium, (iii) high, and (iv) severe. Details
ofthe HR levels are shown in Table 1 below.

Accuracy assessment of the MUTIS
system was carried out by using a sample of
32 trees. Eight trees were selected from each
zone. Accuracy percentage was calculated
using the following formula:

Accuracy percentage (%) =

number of correct trees x 100
32

Level  Scores Classified  Remarks

1 3-4 Low A tree presents with no or minimal risk assessment or associated risks

2 5-7 Medium A tree presents with known risk assessments, or as yet undetermined
associated risks

3 8-10  High A tree “at risk” of catastrophic failure or with a significant target
profile potentially leading to great injury and harm. A “tree at risk”
has potential for becoming a hazard tree.

4 11-12  Severe A tree that has a major structural fault that could lead to catastrophic

loss and it has an identifiable target (people or property).

Pertanika J. Trop. Agric. Sci. 36 (S): 1 - 10 (2013) 5
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RESULTS AND DISCUSSION

From the study, it was found that there
were 36 species of roadside trees. The
most dominant was samanea saman with
149 trees (16.4%), followed by tamarindus
indica with 124 trees (13.6%).

Analysis from MUTIS depicted that
out 0of 909 trees assessed, 99.8% (907 trees)
were categorized as ‘Medium’ hazard rating
and no trees with ‘Low’, ‘High’ and ‘Severe’
hazard ratings. This was due to most trees
were roadside which had Hazard Rating
value of ‘3°. Table 2 shows the hazard rating
of trees according to zones.

From Table 2, there were 832 trees and
75 trees which had hazard rating of 6 and 7,
respectively. Zone B had the highest number
of trees with hazard rating of 7 (medium).
Ground observation revealed that all these
trees are roystonea regia species which has
high SOP factor. Two trees were without
any hazard rating as they were removed by
the authorities. Table 3 shows the results of
hazard rating of trees according to species.

Table 3 depicts that there were only
three species with hazard rating of 7, in
which the highest was roystonea regia

TABLE 2
Results of hazard rating of trees according to zones

(67 trees), followed by samanea saman (6
trees) and callerya atropurpurea (2 trees).
Meanwhile, Table 4 shows a comparison of
hazard ratings that were generated through
MUTIS system and manual rating from
ground evaluation.

This comparison can determine the
accuracy assessment of hazard rating by
MUTIS by applying the following formula:

Accuracy assessment

= (Number of trees with correct
hazard rating/Total number of
sampled trees) X 100

Hence, the accuracy assessment for this

study = (30/32)*100%
=93.75%
CONCLUSION

The tree hazard assessment process has
provided a useful tool and information
for evaluating and planning of roadside
trees. The GIS platform of MUTIS ver 1.0
provides a better visualization of hazardous
trees distribution. This study concluded that
99.8% of the roadside trees at the academic

Hazard Rating Low Medium High Severe  None* Total
Zone 3 4 5 6 7 8 9 10 11 12

A 0 0 0 167 6 0 0 0 0 0 0 173
B 0 0 0 65 67 0 0 0 0 0 0 132
C 0 0 0 257 1 0 0 0 0 0 0 258
D 0 0 0 343 1 0 0 0 0 0 2 346
Total 0 0 0 82 75 0 0 0 0 0 2 909

*Trees removed by the authority after been tagged.
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TABLE 3

Results of hazard rating of trees according to species

Hazard Rating

Species Name

W
N
W
[®)}
~
oo

o

—
o

—
—_

—
[\

None*

Azadirachta excelsa 0 0 0 8 0 0 0 0 0 0 0
Borassus flabellifer 0 0 0 1 0 0 0 0 0 0 0
Callerya atropurpurea 0 0 0 62 2 0 0 0 0 0 0
Callistemon citrinus 0 0 0 15 0 0 0 0 0 0 0
Calophyllum inophyllum 0 0 0 36 0 0 0 0 0 0 0
Caryota mitis 0 0 0 1 0 0 0 0 0 0 0
Casuarina equisetifolia 0 0 0 6 0 0 0 0 0 0 0
Casuarina nobilis 0 0 0 34 0 0 0 0 0 0 0
Cinnamomum iners 0 0 0 4 0 0 0 0 0 0 0
Cinnamomum verum 0 0 0 33 0 0 0 0 0 0 0
Cocos nucifera 0 0 0 40 0 0 0 0 0 0 0
Cynometra ramiflora 0 0 0 4 0 0 0 0 0 0 0
Fagraea fragrans 0 0 0 9 0 0 0 0 0 0 0
Filicium decipiens 0 0 0 5 0 0 0 0 0 0 0
Firmiana malayana 0 0 0 7 0 0 0 0 0 0 0
Hopea odorata 0 0 0 2 0 0 0 0 0 0 0
Hura crepitans 0 0 0 20 0 0 0 0 0 0 0
Juniperus chinensis 0 0 0 4 0 0 0 0 0 0 0
Licuala grandis 0 0o 0 1 0 0 0 0 0 0 0
Livistona chinensis 0 0 0 25 0 0 0 0 0 0 0
Melalueca alternifolia 0 0 0 8 0 0 0 0 0 0 0
Mesua ferrea 0 0 0 93 0 0 0 0 0 0 0
Mimusops elengi 0 0 0 21 0 0 0 0 0 0 0
Peltophorum pterocarpum 0 0 0 8 0 0 0 0 0 0 0
Pinus caribaea 0 0 0 4 0 0 0 0 0 0 0
i;)lll);il’thia longifolia ‘Temple 0 0 0 13 0 0 0 0 0 0 0
Pongamia pinnata 0 0 0 14 0 0 0 0 0 0 0
Pterocarpus indicus 0 0 0 1 0 0 0 0 0 0 0
Ptychosperma macarthurii 0 0 0 1 0 0 0 0 0 0 0
Roystonea regia 0 0 0 61 67 0 0 0 0 0 0
Samanea saman 0 0 0 143 6 0 0 0 0 0 0
Swietenia macrophylla 0 0 0 1 0 0 0 0 0 0 0
Syzygium jambos 0 0 0 4 0 0 0 0 0 0 0
Tamarindus indica 0 0 0 122 0 0 0 0 0 0 2
Veitchia merillii 0 0 0 21 0 0 0 0 0 0 0
Total 0 0 0 832 75 0 0 0 0 0 2

*Trees removed by the authority after been tagged.

Pertanika J. Trop. Agric. Sci. 36 (S): 1 - 10 (2013)



Alias, M. S., Jonathan, T. Y. C., Amat Ramsa, Y. and Ismail Adnan, A. M.

TABLE 4

Comparison of hazard level between MUTIS and ground evaluation

No Tag No MUTIS Ground No Tag No MUTIS Ground
Evaluation Evaluation
1 A0054 medium medium 17 A0914 medium medium
2 A0294 medium medium 18 A0930 medium medium
3 A0322 medium medium 19 A0947 medium medium
4 A0452 medium medium 20 A0962  medium  medium
5 A0461 medium medium 21 A0974 medium medium
6 A0531 medium medium 22 A0983 medium medium
7 A059%4 medium high 23 A0993 medium medium
8 A0610 medium medium 24 A1008  medium  medium
9 A0615 medium medium 25 A1011 medium medium
10 A0672 medium medium 26 A1019  medium  medium
11 A0696 medium medium 27 A1026 medium medium
12 A0734 medium medium 28 E0004  medium  medium
13 A0760 medium medium 29 E0029 medium medium
14 A0816 medium medium 30 E0033 medium medium
15 A0875 medium medium 31 E0036 medium medium
16 A0880 medium medium 32 E0039  medium  medium
16 A0897 medium high
area of UPM are safe, where the trees are REFERENCES

classified as imposing medium hazard.
Hazard rating assessment by MUTIS
ver 1.0 is 93.75% as accurate compared
with manual assessment. Based on the
high accuracy assessment achieved by
MUTIS ver 1.0, it can be recommended as a
potentially suitable tool for accurate hazard
rating evaluation of roadside trees.
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ABSTRACT

Forest regeneration is important to ensure adequate residual stand for the next cutting cycle
in poorly stocked logged-over compartment. A regeneration activity has been implemented
at abandoned areas to restructure forest contents for quality and healthy composition of
timber species. At the skid trails, logs are drag for preparation, stacking and loading out to
the log yard. In such areas, trees could not survive naturally as a result of soil compaction.
The areas need to be ploughed prior to planting. Forest licensee is responsible for replanting
timber trees at log yards, skid trails and ex-logging camp. This study was carried out to
determine forest regeneration activities and to identify issues on sustaining timber yield
in Kuala Balah Permanent Reserve Forest, Kelantan. The compartment is managed by
Kelantan Integrated Timber Complex (KPK). Primary data were collected from 150
respondents from field staff of KPK, sub-contract field workers and nursery labourers
who were engaged in the activities. The respondents were given a questionnaire to survey
and identify the problems faced during replanting activities. The study found that forest
regeneration activities inevitably allowed proportion of vigorous and quality indigenous
timber species and artificially increased the volume of specific regeneration into the logged-
over forest for the next cutting cycle.

Keywords: Forest licensee, sustainable forest management, regeneration, sustaining yield
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and rate that maintains their biodiversity,
productivity, regeneration capacity, vitality
and their potential to fulfil, now and in
the future, relevant ecological, economic
and social functions, at local, national,
and global levels, and that does not cause
damage to other ecosystems (MCPFE,
2007). It was recognized by the parties at the
Convention on Biological Diversity in 2004
(Decision VII/11 of COP7) to be a concrete
means of applying the ecosystem approach
to the forest. Both concepts aim at promoting
conservation and management practices
which are environmentally, socially and
economically sustainable, generate and
maintain benefits for both present and future
generations.

The term “sustainable” was derived
from Latin word, “sus-tenere” which
means uphold. The concept of sustainability
comes from the concept of sustained yield
forestry (Pearce et al., 2003; Ferguson,
1996). It balances between forest products
and services, and the preservation of forest
health and diversity. SFM maintains or
enhances the contribution of forests to human
well being, both of the present and future
generations without compromising their
ecosystem integrity that is their resilience,
function and biological diversity (Sayer et
al., 2005). Obviously, the ecological and
economic impacts of SFM depend on a
variety of variables - everything from the
type of forests involved to the structure of
regional economy (Jenkins et al., 1999).
SFM means not only management of wood
and non-wood resources, but also their
processing and creation of appropriate
economical structure (Strakhov, 2000).

This balance is critical to the survival of
forests and to the prosperity of forest-
dependent communities. However, the level
of understanding by loggers is still vague.
According to Buang (2001), the progress in
establishing SFM was very low and had less
impact on the tropical forest.

In Malaysia, the federal government
serves as the emblem protector and state
serves as the forest managers (Marsh et
al., 1992; Mc Morrow et al., 2001). As a
member of International Tropical Timber
Organization (ITTO), Malaysia has adopted
ITTO Guidelines for the Sustainable Forest
Management of Natural Tropical Forests
and its Criteria for the Measurement of
Sustainable Tropical Forest Management
(CMSTFM). The silviculture systems
applied in tropical forest ecosystems are
clear felling or clear cutting, selection
felling and shelter wood system (Vandana,
1992). It is a formulated tool, which can
be used to conceptualize, evaluate and
implement SFM practices. In Malaysia,
conventional harvesting of production
forests is undertaken on a rotational cycle
and a sustained yield management system.
Mature trees are tagged for felling at
each cycle, thus allowing the logged over
area to recover and regenerate before the
next harvesting. Under selective logging
system, natural forests will return to their
former characteristics for better biological
functioning. From the point of views
of forest licensee, managing a forest in
sustainable manner means ensuring for a
better benefits for future forest product and
services.
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Regeneration is a silviculture tool
proposed to rehabilitate and to manage
harvested forest contents at the maximum
level. In particular, it is to enrich the
poorly stocked residual stand of logged-
over dipterocarp forest by regeneration.
Regeneration is when forest licensee selects
indigenous commercial species to restore
timber trees at post-harvest compartments,
i.e. when timber stock and species are
inadequate. The activities were devised
from the fact that planting was done merely
to increase the value per hectare of a forest.
Thus, the objectives of this study were to
determine forest regeneration practice by
licensee and to identify issues on sustaining
timber yield in Kuala Balah Permanent
Reserve Forest, Peninsular Malaysia.

MATERIALS AND METHODS
Study Area

The study was conducted in Balah Permanent
Reserve Forest, in the state of Kelantan,
Peninsular Malaysia. The reserve forest is
located at 5°16° to 5° 19N and 101° 42’ to
101°45’E (see Fig.1). The areas managed
under Kelantan Integrated Timber Complex
(KPK) are as follows: compartments 42
(70 ha), 43 (258 ha), 46 (215 ha), 114 (198
ha) and 148 (251 ha.) The topography of
this area is undulating with slopes ranging
from 8 to 55 degrees and elevation above
600 meters. The average rainfall is 2,664
mm per year, while the temperature varies
from 27° to 32°C. The driest months are
from April to September with an average
temperature of 34°C, while the wettest
months are from October to February with

the average monthly maximum temperature
of 30°C. The distribution of rainfall occurs
with a major peak in November and a minor
peak in March. The area comprised of hill
dipterocarp forest. The Dipterocarpaceae
family dominates the forest canopy with
Shorea curtisii as the dominant species.
Other economical valuable commercial
species are Shorea parvifolia, Shorea
platyclados and Sapotaceae. This ridge
forest is characterized by large trees, which
are semi-gregarious that forms a dominant
stand of large canopy trees along the ridge
gigantic soil (FRIM, 2006).

Data Collection

Both primary and secondary data were
recorded. Primary data were collected from
150 respondents, namely, the field staff at
Kelantan Integrated Timber Complex (KPK)
(48), sub-contract field workers (62), and
nursery labourers (40), who are engaged
in inventory and silviculture activities. The
respondents were given a questionnaire
each to identify the problems during the
replanting activities. In addition, personal
interview and site observation were also
conducted. Meanwhile, secondary data
were compiled from state gazettes, official
documents, published report, and other
references related to this study. The data
were gathered, reviewed and analyzed.

RESULTS AND DISCUSSION

Hill dipterocarp forest of Peninsular
Malaysia was characterized by poorly
stocked natural regeneration and lack of
seedlings in the original residual stand. The
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Fig.1: A map of Peninsular Malaysia showing the location of Kuala Balah Permanent Reserve Forest,
Kelantan

seedlings are slow in-growth and shade
demanding in nature. The objective of
Selective Management System (SMS) is
to regenerate and to save sufficient number
of young potential tree species which
vigorously survive from damage during
harvesting of the merchantable timber. Itis a
flexible system which allows determination
of the most appropriate cutting regime
based on the analysis of pre and post-felling
forest inventory data, considering the need
of leaving behind sufficient stocking of
intermediate sized trees, optimal growth

14
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rates and maintaining species composition
of the residual forest stand at minimal
damage (Hassan-Zaki ef al., 2004).

The current forest regeneration practice
in this area is conducted based on the
prescriptions of post-felling inventory
imposed in forest compartment. It is an
effort to manage the forest resources in
a sustainable manner. The regeneration
activities focus on various major aspects
related to the technical requirement such as
selection of species, prime area in logged-
over forest, field operation methods, as well
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as silviculture and map of replanting areas.
Activities on regenerating the forest have
become more prominent and important
in the effort to ensure that relatively poor
stocking of logged-over forests is enriched.
Several potential commercial indigenous
timber tree species that are suitable for
regeneration include S. parvifolia, S. curtisii,
S. platyclados, Sapotaceae, K. malaccensis,
D. costulata, H. odorata, D. aromatica,
Pentaspadon spp., S. wallichi, Heriteria
spp. and A. borneensis. In this study, the
highest number of trees regenerated was
in compartment 46. A total of 2,879 trees
were planted in the compartment log yards
and 4,097 were regenerated in the skid
trails. Only 1,841 trees were planted in
the log yards in compartment 42 and 903
trees were planted in the main log yard. At
the skid trails, there were about 938 trees
planted. The difference in the total trees
regenerated was due to the size of both the
compartments. The size of compartment
46 is 215 ha, while compartment 42 is 70
ha. Five dominant species planted in this
compartment are S. parvifolia, Anisoptera,
S. leprosula, S. ovalis and S. guiso.
Among the selected species, S.
parvifolia is the most desired species
planted in the compartments because of
the soil and temperature suitability in the
areas. In addition, the species has a high
growth rate, produce quality wood with
high economic values and also market
demand. Nonetheless, compartment 148
failed to achieve the target in the main
log yard areas, where only 55.14% of the
planted trees survived. A total of 72.25%
trees in the skid trails survived as a result

of the topography characteristics and
difficult terrain surrounding the log yard
areas. The planted yields could not tolerate
desiccation to low moisture contents and
remained viable only for a short of period
(Chin et al., 1988). The highest achievement
in the log yard areas is in compartment
42, with 82.5% survival rate, followed by
compartments 43 (80.82%), 114 